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AMERICAN RESOURCES AND PROGRESS. 


UnpeER the title of ‘‘Commercia! Suggestions,” Professor 
8. Waterhouse contributed to the opening number of the 
St. Louis Zrporter and EHraminer some interesting and va- 
luable facts in relation to the condition and resources of this 
country. 

Though his facts are not grouped with the exactness called 
for by commercial men, they, nevertheless, exhibit careful 
study, and an appreciative understanding of what we have 
already accomplished, and a prophetic outlook of the possi- 
bilities within our reach. 

While it is the pride and boast of Americans that we have 
an almost illimitable area of cultivatable soil, but few, even 
of our best informed people, are fully alive to our present 
capacity for production, much less do they comprehend the 
future productiveness of the millions of acres of the public 
domain that have not yet yielded to the magic touch of the 
plow. Nor do our people, full of national feeling and pride 
as they are, give more than a passing thought to the fact 
that in the future we will become, by right of a virgin soil, 
and the vigorous life that springs from it, the richest among 
the nations, and the food almoner for the peoples who have 
reached their maximum of production he vast areas of 
wiid land which every year comes under subjection, yield 
constant accessions to the already phenomenal cereal pro- 
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will give the reader an idea, not exact ap (but approxi- 
mately correct), of the producing capacity of the country : 


Crops. Acres. Bushels. 
Buckwheat. ..... 12,246,820 
1,622,700 25,842,790 
Barley 42,245,630 
Oats 13,176,500 418,578,560 
32, 108,560 420,122,400 
« 1,776,800 124, 126,650 
26,931,300 Tons .... 39,608,206 
542,850 Pounds.. 392,546,700 
12,266,800 Pounds . 2,347,471,250 


Vast as the figures are, they represent only the opening 
chapter of a volume, whose future unfolding will be a con- 
stant source of gratification to every one who feels an inte- 
rest in the progress and development of the country. Hap- 
pily for us, our opportunities and the sympathies of other 
nations make the conditions for the extension of our com- 
merce more favorable than ever before—foreign markets in- 
vite our friendly competition—the influence of American 
skill in invention is being felt in the remotest quarters of 
the globe; politically we are the central point upon which 
rest the hopes of other nations less free; and a Providence 
more than kind has blessed us with exceptional climate and 
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ducts of the country, while the outlook for mining and 
manufacturing interests is in no degree behind our agricul- 
tural growth. 

Lest we should be accused of the spirit of self-laudation 
attributed to our people by those who least understand us, 
let us give some figures, which, though they may be dry, 
will not be uninteresting to the careful mind that gathers 
from present facts material from which to form a judgment 
of what may be expected in the future. 

Taking the census of 1870 we find that the value of the real 
and personal estate of the country was in excess of $30,000, - 
000,000. The values thus estimated are rather under, than over, 
the facts as they existed at the time. Since then the devel- 
opment of our agricultural and mining interests has been 
so rapid and great, as to challenge the belief of every one 
who has not studiously followed the progress of our indus- 


conditions. Every year brings golden realizations of the 


most speculative dreams, and fact outruns fancy in the race | 


of development. The value of our cotton crop for 1878 was, 
in round numbers, $260,000,000, and if the threatened move- 
ment of the labor element of the cotton growing States to 
Kansas, and other Northern States, does not assume unex- 
pected proportions, the future yield of that important staple 


will no doubt be largely increased. The superiority of our | 


cotton over that produced in any other part of the world, 

and the comparative cheapness with which it can be grown, 

| give us an advantage over the English manufacturer of cot- | 

| ton fabrics, that will become more apparent as the cost of 

labor becomes equalized through causes now in operation. 
Thus it’will be seen that, assuming our cotton mills to be | 


for the production of cheap food immeasurably greater than | 


equally perfect with those of Great Britain, and our capacity | 


ate to $400,000,000, should not be chiefly controlled b 

of, as now, being under the domination of 
atlantic nations. ‘ 

The wonderful growth of our mining interests seems more 
like a dream than reality. 

Rich in all the elements that constitute national wealth 
and greatness, it would seem that the bilities for our 
future are almost infinite.—Pen and Plow. 


SELF-REGULATING FILTER. 


I wave long felt the want of some contrivance for filter. 
ing the silver bath with, the ordinary way of filtering, by 
pouring the solution into the filter, being very troublesome, 
particularly when one nas something else to do and cannot 
stand by and watch it all the time. I have tried a large 
number of different ways of filtering with siphons, and 
none of them would work right, as I could never regulate 
the flow of the solution. They would work well a while 
until the filter became clogged with organic matter, when 
the solution would run over and waste if I happened not to 
be at hand at the time. I have a plan that I have been 
using for the last six months, and it works all “O. K.” 

A isa piece of plank about six inches square and one 
inch thick, with a piece sawn out about two inches wide, or 
large enough to admit the neck of the bottle to pass through, 
as shown in the diagram. 


The top edge is rounded out with a knife, as shown by the 
dotted lines, so as to prevent the bottle from slipping when 
resting on it. This piece of wood is fastened to two bracket 

ieces, B B, and is fastened to the wall at a suitable height 
rom the shelf or table on which your bottle or filter stands. 
E is a piece of soft wire fastened at one end with a screw- 
eye to the wall, and bent at the other end so as to hook ina 
screw-eye, and thus keep the bottle, D, in place. 

The bottle, D, which should be capable of holding the 
entire solution, is provided with a cork, through which 
passes a glass tube (I use a reed) five inches long and one- 
quarter of an inch in diameter. F represents the cork with 
the glass tube through it; the tube must fit perfectly in the 
cork so as not to admit any air. Your bottle, having the 
solution in it and the cork (with the tube) fastened in tight, 
| is inverted over the funnel containing the filter and placed 
| in the shelf, A. You will observe that the instant the bottle 
| is inverted the solution commences to run out of the tube, 
‘and air-bubbles passing back through the tube as soon as 

the solution in the filter reaches the end of the tube prevent 
the air from getting in, and the solution will stop running; 
then, as soon as the solution in the filter has filtered through 
sufficient to admit more air in the bottle, the solution will 
then run out again, and in this way keep your filter full all 
the time until all is filtered. 
I have a couple of blocks to put under my bottle in which 
I am filtering the solution, so as to regulate the flow into the 
filter and keep it from running over; by placing the blocks 
under the bottle you raise it, and it should be sufficiently 
high to have the solution in the filter come nearly to the top 
_ before it touches the tube. 
This is a good apparatus, and if you once work it you 
would not be without it for anything.—J. H. Kuhns, in 
| Philadelphia Photographer. 


COMBS, GILLS, AND HACKLES. 


PROBABLY not one of the common objects of the mill ap- 
pears in forms so widely various, both in shape and dimen- 
sions, as do combs, gills, and hackles. The parentage of 
the three may be traced to the woolcomber’s hand-combs of 
centuries ago, an illustration of which we give. We need 


not say that it has now gone almost entirely out of use, and 
we do not think that many of our readers ever saw one em- 
ployed. All progress means multiplication, accompanied by 
specialization, and thus it is that, as textile industry de- 
veloped, the comb appeared in many forms, and the purpose 
of each became more specialized. Finally, as a result of 
the progression, we have, besides combs cee. other ap- 
pliances, which the uninitiated could not distinguish from 


tries. The wonderful increase of our taxable values has! hers, it follows (growing the raw material as we do) that | combs, but which are used for a widely different purpose to 


tended to the lessening of assessments and the removal of 
burdens from the people; making the extinguishment of our 


| England in the near future will not be able to compete with 


| us in what has heretofore been one of her chief industries. 


combing. This is by no means strange, for it can be 
paralleled by numberless other instances. Thus, while our 


national obligations a thing of easy accomplishment. In | Our foreign trade, while not increasing in a ratio commen- | common ancestor in all probability used his head for think- 
our ability to produce the great staples demanded by the ne- | surate with the increase of our population and advancing | ing, most of his descendants of the present day use theirs as 


cessities of our own and other people, we are peculiarly for- 
tunate, and with a reasonable conservation of our resources, 
it will be an easy matter to hold the position that nature and 
circumstance have given us. 

The following summary, taken from the unpublished re- 
port of the Commissioners of Agriculture for the year 1878, 


| wealth of production, is, nevertheless, in a most satisfactory | 
| condition, as will be seen from a comparison of exports and 
imports. Trade with the States of South and Central Ame- 
rica has received a fresh impetus from the efforts of our mer- 
chauts, and there seems to be no good reason why the exter- 


nal commerce of those vast regions, amounting in the ag-' 


pegs for hanging their hats on. 

But we must return to our subject. When a series of 
pointed steel pens is set in a back or stock, usually of 
brass, and the article is used for laying 1 mass of fibers in 
parallel order, ere tg at the same time the shorter fibers 
and foreign material, it then serves the office of a comb. 
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When it is a hackle it acts in a double capacity. For in- 
stanee, the hackles fixed on the sheet of a hackling machine 
not only remove the shorter fibers or tow from the flax, at 
the same time placing the fiber of the latter in parallel order, 
thereby serving as a comb, but they also perform the very 
important function of splitting the aggregations of flax or 
jute fiber. This is perhaps more obvious in hand than in 
machine hackles. 

There is yet another way in which our typical series of 
pins set in a stock is used, viz., as a gill. In the worsted 
and flax trades, the sliver, when it reaches the drawing 
frames, consists of fibers which have been made parallel by 
combing, and the object is to reduce it to a greater degree 
of tenuity, still keeping the fibers parallel. To accomplish 
this gills are used. As the sliver, which is generally flat 
and broad, passes between the drawing rollers, sets of pins or 
gills are successively inserted into it, traveling aloug with it, 
and approximately at the same rate. As the drawing pro- 
ceeds, or as the fibers are pulled further apart in the direc- 
tion of their lengths, the gill pins prevent them twisting and 
knotting together, which would stultify the whole operation, 
or at least produce very defective work. 

Having now, as we trust, made clear the distinction be- 
tween the different articles and the purpose of each, we can 
proceed to describe their manufacture. This involves two 
distinct branches of business: First, that of making the 
steel pins themselves, and, secondly, that of setting them 
into stocks, so as to produce combs, hackles, gills, and 
cards. The two branches are mostly carried on apart; but 
in one of the places we visited, the large establishment of 
Messrs. T. R. Harding & Son, Tower Works, Leeds, we 
were able to see all the various processes of the trade, the 
production of pins, and the manufacture of combs and 
hackles now under review, as well as that of wood and 
leather card clothing for flax, jute, ete. 

As an example of a good business done in pins only, we 
also visited the works of Mr. Thomas Crabtree, 33 Barrack 
street, Leeds; and it affords us pleasure to acknowledge the 
courtesy of both firms in allowing us to inspect their works 
and the information about their business they willingly 
gave us. 

The pins are always made of cast steel, which arrives at 
the works in the form of rolled wire, about !4 to 3-16 inch 
in diameter, or say 1 to 4, B. W. G. (our dimensions and 
numbers, it will be understood, are only approximate, it 
would be absurd to talk exactly when the variation is so 
great). The pin maker has to produce a certain weight (or 
number) of pins, of given size, shape, and length. 

The first step, therefore, is to draw the wire down to the 
size it is intended the shank of the pin should have. 
When the pins are flat, such a number on the gauge one 
way and such another, the wire is still drawn round of such 
a size as, when flattened by pressing, it will give the re- 
quired dimensions. Preparatory to drawing, the wire is an- 
nealed, by being heated to redness in a closed furnace, and 
then allowed to cool. As the scale produced in this opera- 
tion would act prejudicially during the drawing, it is there- 
fore removed by giving the annealed coil a bath of ‘‘ spirits,” 
nothing more than common vitriol diluted with water. 
When tho wire is removed from this bath it is washed in 
clean water, and then placed in a vat containing a mixture 
of lime and water. The remaining traces of acid will thus 
be removed by being neutralized. The excess of lime bein 
washed away, the coil is taken to a closed oven and heate 
until the wire becomes of a blue tinge. By this series of 
operations the wire is made perfectly soft, and is left with a 
smooth skin. 

It now passes into the hands of the wire-drawer, who re- 
duces it in diameter by passing it through a hole, smaller 
than itself, in a hardened steel plate or block. To pull the 
wire through the block requires considerable power. It is 
done by coiling it, after its passage upon a vertical drum, 


driven by machinery, the workman keeping it constantly | 


lubricated by a lump of tallow daubed upon the side of the 
block the wire enters. In this way the diameter can be re- 
duced about two sizes on the Birmingham wire gauge; to 
bring it, therefore, down from, say, No. 1 to No. 33, as is 
sometimes done in the pin trade, requires a great number of 
drawings, and between cach the annealing operation as de- 
scribed above is necessary. The wire reduced to the proper 
gauge, it is cut either by hand or by a machine into lengths 
convenient for handling, about five inches for the smalier 
sizes of wire and about sixteen or eighteen for the larger. 

The lengths of wire, which at this stage are crooked and 
bent, require to be made perfectly straight before they can 
be ground; and for this purpose they are placed in bundles, 
held closely together by iron rings, and, having been heated 
to red heat, they are rolled upon a plate, and by this means 
upon each other under considerable pressure. In this way 
every piece of wire can be made as straight as a ruler, as is 
necessary for the subsequent operation, that of grinding the 
points. The grinder, sitting in front of his stone, takes sev- 
eral wires, sometimes as many as forty or fifty, and places 
them side by side between the palms of his hands, keeping 
the ends furthest from him in a line. These ends he applies 
to the grindstone, gently rolling the wires between his 
hands. Every now and then he holds the points he is grind- 
ing up to the light to examine their shape, and as often he 
changes the position of the wires in his hands, always bring- 
ing the points into a line, the better to make them pon 
The operation seems simple, but it is one of those requiring 
years of practice to attain proficiency. 

The wires being pointed, usually to a long taper like a 
sewing needle, it is only necessary to cut the pointed ends 
off to obtain the pins. This is done forty or fifty at a time, 
in a simple form of shears worked by the foot. The pins 
are collected in a receptacle, and the wires are sent back to 
the grinder’s to be pointed afresh. When the pins have to be 
fiattened, the flattening is sometimes done before the cutting 
off, in a machine not unlike a punching press, save that, in- 
stead of a punch and die, two hardened surfaces approach 
each other, and the pointed wires are introduced, one at a 
time, between them. Working thus, a man can flatten about 
eighty pins per minute. Sometimes they are flattened and 
cut off the wire at the same operation, but still they are done 
one at a time. The tempering process follows. The pins 
are piled upon a sheet of paper into a heap about two inches 
high by about a foot long; the sheet and p¥s are then 
dropped gently upon a red-hot plate. The paper burns 
away, and the plate now holding the pins is introduced into 
a furnace, and the latter heated to low redness in daylight. 

To prevent oxidation or scaling, which would roughen the 
pins, the fuel in the furnace is incompletely burnt by limit- 
ing the supply of air; in short, the flame produced is pur- 
posely made sooty, or what chemists would call a ‘‘ reducing 
flame.” When a red heat has been reached the plate is taken 
out with tongs and the pins tipped into a bath of fish oil. 
When removed from the oil they are as brittle as glass, and 
may easily be snapped by the fingers, the temper has there- 


fore to be ‘‘let down.” This is done very curiously, A man 
works in front of a thick iron plate, kept nearly red hot by 
a fire underneath. On this plate he places and keeps in con- 
tinual movement a large frying pan containing a few hun- 
dred pins to be let down. They become hotter and hotter, 
and finally is reached the bluish color which indicates that 
the proper temper has been attained, when the pan is re- 
moved and the pins tipped on one side to cool. They are 
now no longer brittle, but strong and tough, and polishing 
only is required to complete their manufacture. 

The polishing begins 7 scouring the pins in soap, soda, 
and hot water; they are then dried in bran and afterward 
bundled with oil and putty powder in a covering of several 
layers of stout canvas, which is securely tied up to prevent 
egress of the pins. The bundles would be about four and a 
half inches diameter and fifteen inches long, and two of them 
are placed between two plates, the upper of which moves 
horizontally backward and forward over the lower, by 
mechanism of course. By such means the pins in the in- 
terior of the bundles are caused to continually rub one 

ainst the other, aud, with the aid of the — and oil, 

ter some time, they receive a perfect polish. 

The bundles are now untied and the pins placed in bran or 
sawdust, in which they are agitated with the ws of clean- 
ing them from the dirty polishing materials. en bran or 
sawdust has been shaken apart from them they are sent into 
the warehouse and weighed into packages ready for the 
market. 
| Pins are thus made of dimensions varying from about No. 
33, B. W. G., and one-quarter of an inch long, to No. 9, 
B. W. G., and three and a half inches long. For hand 
hackles, the pins are made of all sizes, from three inches to 
eighteen inches long, and of corresponding stoutness. But 
for these sizes it becomes cheaper to forge out the taper, 
which is done under a Ryder machine, and the grinding 
only serves to give the necessary polish and to finish the 
point. 

Such are the multitudinous processes required to produce 
a plain tempered steel pin. e should, however, before we 
conclude, mention that Messrs. T. R. Harding & Son have 
largely supplemented hand labor by machinery, notably jn 
the grinding, claiming thereby a ggeater production and su- 
perior workmanship.— Teztile Manufacturer. 


SOLDERING APPARATUS * 


Tue soldering apparatus for ordinary work with tin 
plate and thin sheet metals in general, comprises soldering 
irons (so called) of various sizes and forms; a small portable 
furnace for heating them, and a box with a spout for hold- 
ing rosin or other flux. 

The great demand for cans for containing oysters, fruits, and 
prepared meats has led to the invention of special machines, 
through whose agency the work is greatly expedited. One 
of these (Fig. 1) bas collapsible arms, which keep the body 


Fie. 1.—CAN SOLDERING APPARATUS. 


of the can expanded, and hold it while the flux and solder 
is being applied, automatically or otherwise, when the ap- 
paratus is rotated. 


| In the apparatus shown in Fig. 2 the ends of the can are 


Fic. 2.—SOLDER-PAN FOR CANS. 


successively dipped into a bath of molten solder, the support 
on which the can rests being so arranged as to protect the 
bottom, the solder merely having access to the seams. 

In Fig. 3 the can is placed in a groove over a furnace; a 


Fie. 3.—CAN SOLDERING APPARATUS. 


non-conducting material prevents access to any part except 
the seam, which is joined by the fusion of a strip of solder 
placed within the can. 
| Fig. 4is afurnace, having pans on top for heating the ends 
| of cans for soldering. The pans have a slight rim, which is 
| of metal, and a central depression, which is filled with gyp- 
{sum or some other non-conducting substance, in order 
that the heat may affect no part but the rim. The pans have 
plates, H (see small figure), extending down into the fire, to 
conduct the heat to the pans. 
In Fig. 5 the can is attached to the end of a shaft, which, 
* From Knight's Mechanical Diction 'ry,” published by Messrs Hurd 
& Tloughton, New York city. 


during its rotation, causes each part of the seam to dip suc- 
cessively into the solder bath. 


Fia. 4.—SOLDERING FURNACE. 


6 the can rests on a rotating table, B, turned by 
H, operating the band wheels, C ¢, and the bevel 


In 


Fia. 5.—SOLDERING TIN CANS. 


gears, G, and is held by a spring plunger, g, with spurs, i; 
the soldering iron is ——- at rest on the arm, J, and is 
applied to each part of the seam as the can rotates. 


Fie. 6.—CAN SOLDERING MACHINE. 


Fig. 7 bas a gas-heated, shallow, metallic solder pan. The 
boxes are placed, one at atime, upon the pan, with their 


Gj, 


Fie. 7.—SOLDERING STAND. 


ration is 


lower edges immersed in the solder thereon; the o 
then re- 


completed by holding them there an instant an 


moving them. 
In Fig. 8 is shown a soldering tool, in which the copper 


Fie. 8.—SOLDERING TOOL. 


tip, a, is hollow at the base, and receives a hollow handle, 
b, which is screwed thereon, and is connected by a flexible 
pipe, ¢, with a nozzle, through which two pipes, provided 
with cocks, dd’, project respectively air and gas. The gas 
is first let on, and, as it escapes at the base of a, is lighted, 
and the air supply cock being then opened, a flame is main- 
tained at the aperture in the handle, 4, near the end of the 
tin, a, at the point where the greatest heat is required, its 
intensity being regulated by means of the cocks. dd’. A 
shield, e, on the handle, serves to deflect the heat back on 
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the tip, 4, and protect the hand of the operator. When not lj 


in use the tip is inserted in the hollow rest, f. 
Fig. 9 shows the tools commonly used by plumbers for 
soldering and fitting pipe joints. 


f i 


Fie. 9.—PLUMBING AND SOLDERING TOOLS. 


a, turn pin; 4, side edge; ¢, shave hook; d@, round iron; ¢, 
chipping knife; f, dresser; g, copper bolt; A, copper hatchet; 
Z, rasp; &, ladle. 

A furnace, usually burning charcoal, but sometimes hav- 
ing gas jets, is used for heating soldering tools. 

Fig. 10 has a cover, D, inclosing the tube through which 


Fra. 10.—TINMAN’S FURNACE. 


the iron is presented to the fire, and which extends saffi- 
ciently far inward to prevent the fire acting directly upon the 
front casing of the furnace, 


SMELTING WITHOUT FUEL. 


A sort time since we briefly noticed a successful experi- 
ment in copper smelting by a new process, the discovery of 


Mr. John Hollway, of London. The —— here is to 
utilize the heat obtained by the rapid oxidation of certain 


| 
| 
| 


mineral substances, such as pyrites. which have never before | 


been utilized as sources of heat in smelting operations. The 
heat thus obtained is used in the place of that of ordinary 


carbonaceous fuel in the reduction of the furnace charge, | 


which may be composed partly of sulphides and partly of 
silicious ores. Mr. Hollway has been successfully experi- 
menting with the process on a practical scale. The inven- 
tion censists of forcing a current of air through the molten 
sulphides, by which means they are oxidized very rapidly. 
Great heat is thus developed and serves to render the process 
of smelting a self-supporting operation, no extraneous fuel 
being required after once the furnace has been started. All 
the carbonaceous fuel necessary is a little coke to start the 
furnace, and which stands in the same relative position to 
the ores as wood does to the coal in an ordinary fire. Be- 
sides the necessary heat for smelting the ore being developed, 
a large proportion of the sulpbur is expelled in a free state 
and is afterward collected. In order to demonstrate these 
points on a working scale, a portion of the Bessemer appa- 
ratus at Messrs. Brown's works has been adapted by altera- 
tion to suit Mr. Hollway’s purpose. The plan consists of 
four cupolas, the first one being closed at the top and fitted 
with a Bessemer hearth, the blast being supplied through it 
to the cupola. The cupola has a forehearth or receptacle for 
the slag and regulus, which flow into it as they are formed. 
The slag runs continually off at the top, while the regulus 
ettles at the bottom, whence it is tapped off at intervals. 
Tire ore is fed to the cupola by means of a cup and cone ar- 
rangement placed near the top and which prevents the es- 
cape of the gases, These are led offinto the second cu- 
pola, which is closed at the top. Here they encounter a jet 
of water, which cools the gases and condenses the crude 
sulphur and other sublimates. The uncondensed portion of 
the vapor passes on to the third and fourth cupolas succes- 
sively, which are open at the top, and in each of which is a 
shower-bath of water, by means of which final condensation 
is effected. The condensing water is led away to a tank, | 
where any sublimates that may be carried over with it are 
afterward collected. 
In the first experiment the cupola No. 1 was first heated 
with a coke fire and the blast started. Some Rio Tinto cu-| 
reous pyrites (containing 1°7 of copper by wet assay) and a 
ttle charcoal were then charged into the cupola, and when 
a fluid bath of the molten sulphide had been obtained, 
pyrites and sandstone alone were fed at the rate of five tons 
hour. When twelve tons had thus deen disposed of, the | 
eposit of sulphur in cupola No. 2 had become so great that 
it choked the passage between it and No. 3, and the experi- 
ment was brought to a prematureclose. It was, however, 
satisfactorily proved that the heat developed from the py- 
rites was amply sufficient for melting the charge, while the 
successful condensation of the sulphur was but too evident. 
The copper and iron were, moreover, concentrated into a 
regulus of excellent quality. The object of some further 
experiment was to show that a good regulus could be ob- | 
tained without great loss of copper in the slag. Upon these | 
as upon the previous occasions there was a large attendance | 
of representatives of the copper trade and of American and 
other mines. As the collection of the sulphur had already 
been satisfactorily demonstrated, the smelting cupola was 
disconnected from the condensers and was worked by itself. | 
In the course of the experiment, however, defects devel- | 
oped themselves in the apparatus which, it will be borne in| 
mind, had been extemporized out of that used for another 
— altogether, aud had not been specially constructed. 
‘hese defects led to the experiments being only partially 
carried out, but they established beyond question the value 
of pyrites as a source of heat. On one occasion, when the} 
heat of the furnace had accidentally lowered by underfeeding, 
it was speedily raised to a high intensity simply by feeding | 
in more pyrites.* It was indeed remarkable to see how the | 
temperature was rapidly raised and then maintained by a 
fuel which can only be compared to stones. On analyzing 
the slag it was found that it only contained 0°04 per cent. of | 
copper, thus conclusively proving another point. Upon 
assay, the regulus was found to contain within a fraction of 
the whole of the metal known to exist in the ore used. The! 
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previous experience. Mr. Hollway’s ingenious discovery is 
of great importance in connection with countries where 
these heat bearing minerals abound, and where carbonaceous 
fuel is correspondingly scarce, and the process promises to 
exert a conatdooeils influence upon the practice of — 
smelting generally. The chief expense as regards fuel is that 
incurred in raising steam for the blowing engines. Where, 
however, water power is available, it can be utilized for 
this purpose and steam boilers dispensed with.—London 
Times. 


DRYING BOX FOR PHOTO GELATINE PLATES. 


Tue following is the description, taken from the Mit- 
theilungen, of Dr. Vogel’s drying box for gelatine plates: 
The accompanying diagram represents a section of the dry- 
ing box, which is made of tin. T is the door, which opens 
at one corner of the box, and which is furnished with over- 
lapping edges, so as to exclude all light. « a are tin plates, 
or shelves, soldered to the sides of the box, and they are so 
arranged as to allow the air to pass between them in the 
direction indicated by the arrows. Upon these shelves the 
plates are laid after they have set. The air enters the box 


by the tube, ~, under the lowest shelf. In order to create 
the necessary current of air a flue, S, about one yard high, 
in which a gas jet, f, burns, is attached to the top of the 
box. Gis the gas pipe. As soon as the jet, f, is lighted a 
strong current is created in the flue, which sucks the air up 
through the box, so that the plates dry as rapidly in the box 
as in a well-ventilated room. If it be desired to quicken the 
process of drying in damp weather a saucer with calcic 
chloride may be placed at the bottom of the box. 


AMERICAN ENGINEERING.—L* 
FOUNDATIONS. 


FounpDATIon work, as practiced in America, like most 
other constructive features of public works, has been sub- 
ject to limitations and requirements unknown to European 
countries. In America time is always pressing, distances 
are magnificent, and investment capital limited and urgent 
for speedy returns. In earlier days scientifically educated 
Americans were few, and engineers were largely ignorant of 


the precedent of foreign practice. Their main reliance was | 


on their “‘ home” experience, and that peculiar faculty of 
adapting one’s self to circumstances, that almost all me- 
chanics in a new country possess in a greater or less degree. 
Work, to be done at all, had to be done cheaply, expedi- 
tiously, for capital could not afford to remain passive, and 
effectively, to avoid future losses and repairs. Had the 
fathers of American engineering been men of greater 
education or scientitic culture, they doubtless would have 
been far less successful in their works, and fewer enter- 
prises would have been undertaken. Strongly self-reliant, 
those men of the earlier days of American engineering ac- 
cepted fully the requirements of a new country, and set to 
work to solve the problems appertaining thereto, 

In the matter of foundations, these men availed themselves, 
almost from the beginning, of the great abundance of cheap 
timber for their works, and time has proved the wisdom of 
their course and the excellence of their judgment. In fact 
the free use of timber may be regarded as the chief differ- 


ence between American and European methods of founding | 


masonry in deep water, or river crossings. Many of the 
most important railroad bridges have their piers founded on 
timber cribs filled in with stone, the timber work being car. 


ried up to within a couple of feet of lowest water mark be- | 


fore starting the masonry. On bottoms subject to erosjon, a 
plentiful supply of rip-rap is dumped around the foundation, 
and replenished from season to season until well solidified. 
This is the most common system employed throughout 
Pennsylvania and New York, and in fact in all States where 
the character of the river bottoms is of such a nature that a 
solid bearing on rock, hard pan, or gravel, can be insured. 
Where a soft material overlies a hard bottom, loose stone is 
thrown in, which soon forms a solid bearing for the crib- 
work, or the crib is built tight with square timbers, with an 
open bottom, sunk by temporary loading, the soft material 
—mud, sand, or silt, as the case may be—sucked out by 
pumps or dredged out, as may best apply to the circum- 
stances, the void then being filled in with concrete or broken 
stone. In case of rough or sloping bottom, the lower courses 
of the crib are made to conform to it as nearly as possible, 
from previously determined soundings. Many of the cribs are 
of round logs, notched at their intersections and secured with 
long drift bolts. For bottoms ill adapted to crib work, the 
most usual practice is to drive piles, the area of the foundation 
having been previously okeed below scour, if possible. 
The piles are cut off truly level by means of a horizontal saw 
on a vertical shaft, or the simple device of a pendulum saw, 
and as close to the bottom as possible. The interstices be- 
tween the piles are leveled up with stone. On the bottoms 
so prepared a crib is sunk, economizing the masonry up to 
near low water mark, or a timber caisson is floated over the 


* American Engincering as iJlustraied by the American Society of Civil 
Engineers at the is Exhibition of 1878. Compiled by George S_ Morri- 
son, Edvard P North, and Jchn Bogart, Committee. Transactions of 
the Amer Soc. of Civil Evgineers. 


‘on top of the timber is 944 tons per square foot. 


ncompleteness of the more recent experiments in no way piles, the bottom of which forms the platform for the ma- 
detracts from the merits of the system, as was shown b beng which is carried up inthe usual way as in the open 


| air. To control the flotation, a valve is sometimes provided in 
the caisson, through which water may be admitted, to be 
pumped out again as occasion requires. The sides of the cais- 
| son are detachable, and are used again, should there be more 
{than one pier to found. A modification of the former 
method has been practiced by depending on the piles for the 
immediate bearing of the platform, and using a timber crib 
asa protecting envelope surrounding them, all voids being 
filled up with stone or conc ete. In this case, the piles, of 
course, are cut off at the distance below low water that it is 
desired to commence the masonry. In all cases where there 
is any possible chance of scour, it is usual to protect the area 
surrounding such foundations by means of rip-rap. 
Exceptional works often require expensive methods; but 
such works, in this country, are of very recent dates. The 
applications of the pneumatic system, so long practiced in 
urope, to the foundations of the East River and the St. 
Louis bridges, are examples familiar to the profession, hav- 
ing been detailed at length in the printed reports of their 
respective engineers. They are probably the most extended 
| examples of the system extant, and required great boldness 
and constructive skill to carry out. Two notable improve- 
i were developed in the construction of the St. Louis 


bridge piers, viz., the use of the water column for driving 
out the sand through pipes, and the placing of the air-lock 
|at the bottom of the well, leaving the long ascent and de- 
scent of the workmen to be accomplished in the ordinary 
}atmosphere. The common European practice of using iron 
cylinders with the pneumatic system has been applied in 
this country to but few bridges, of which that at Omaha is 
the most extreme example. The Poughkeepsie bridge, now 
building, has its enormous piers founded on huge square- 
timbered cribs, sunk by dredging through the wells formed 
by the cross walls of the cribbing, to a depth of 110 feet and 
over; the crib work being filled with concrete forms a solid 
base for the masonry commenced 25 feet below low water, 
and towering 135 feet into the air above high water mark. 
This is the boldest example of timber foundation work on 
record, and perhaps meets the most extreme case of deep 
water foundation that the engineering needs of the country 
will ever call for. 

Out of the persistent demand for accomplishing results 
cheaply and rapidly, grew what American engineers know 
as the Cushing System, which consists of square timber 
piles driven to their full bearing in intimate contact with each 
other, forming a solid mass of bearingtimber. Surrounding 
the pile cluster so driven is an envelope of cast or wrought 
iron, sunk sufficiently in the mud or silt simply to protect the 
piles, all voids between piles and cylinders being then filled 
with hydraulic concrete. The piles alone support the load. 
Several such foundations have been used, and answer an ad- 
mirable purpose. Time alone will tell whether the only ob- 
jection that can be used against the system, viz., ‘‘dry rot,” 
has any foundation in fact. 

The water jet has been used economically and with good 

results for sinking piles in soft bottoms, notably in the case 
of Tensas bridge in Alabama, where iron cylinders were put 
down by simply directing through gas pipe a system of jets 
| driven by an ordinary steam pump. 
} The preceding description fairly covers the leading fea- 
, tures of foundation methods practiced in this country—ex- 
cept, perhaps, coffer-dams, of which no mention has been 
made. As a rule, coffer-dams are avoided, excepting in 
comparatively shallow waters, and where there is some rea 
{sonable certainty of getting a tight bottom. The uncertain- 
ty of what future trouble and expense a coffer dam will de- 
velop before the bottom is laid bare, causes engineers to 
select some of the several methods previously outlined. A 
novel floating cofferdam has been built in New York, that 
has been experimentally successful in laying dry a mud bot- 
tom, but no work has thus far been laid with it; it is simply 
a long rectangular double walled caisson, with an 
inside court as it were, having sheet piling sliding in guides 
in the inner wall of the caisson, which, when driven 
into the mud or clay (it is only practicable on a homogene- 
ous mud or clay bottom) acts as ordinary sheet piling. 
The caisson is sunk by fillingits walls with water, and is 
rigged with steam pumps for exposing the bottom and 
clearing the caisson of its water ballast. The ends of the 
caisson are movable, permitting of its removal as a whole 
from the completed work. 

Screw piles, so largely used abroad, have been used but 
little by American engineers. 

Looking to the future, it is not probable that demands will 
be made upon the skill of American engineers for much 
more difficult foundation work than has already been ac- 
complished, and it may be many years before projects arise 
which will match those already executed in this class of 
constructions. But be that as it may, American foundation 
work will long be characterized by a free use of timber in 
the form of cribs, caissons, platforms, and piles, and a very 
limited use of iron, pneumatic processes or coffer-dam work, 
in which particular, as was remarked in the commencement, 
lies the we characteristic between American and 
European systems of foundation. 


TOWERS OF THE SUSPENSION BRIDGE BETWEEN NEW YORK 
AND BROOKLYN. 


W. A. Rogesiine, Chief Engineer. 


The East River bridge consists of a central suspended span 
of 1,595’ 6" length between centers of towers, and two side 
spans, also suspended, each 930 feet long. 

The approaches increase the total length to about one and 
one-sixth miles. 

The ends of the cables are anchored in two masses, con- 
taining a total of 26,000 cubic yards of masonry. These 
masses are each about 119 feet by 132 feet in plan at the 
base, and about 89 feet high, and are founded on a grillage 
of timber from 4 to 7 feet thick, which rests directly on 
sand; the timber being below the level of water in the soil, 
and consequently not subject to decay. 

The piers at either side of the river rise to a height of 27144 
feet above mean high tide. At high water surface the ex 
treme measurements were in plan 57’x141’ in Brooklyn, 


| 


| 59'x141' in New York. 


In Brooklyn the foundation rests mostly on bowlder clay, 
but a sufficiently uniform foundation was not found until 
a depth of 4414 feet below tide was reached. To ob- 
tain this depth a timber caisson was sunk, having exterior 
dimensions of 102'x16%, and a height of 2414 feet. Both 
caissons when launched were 15 feet high, and additional 
timber to the heights named was put on after leunching. 
The air chamber, which was afterwards filled with concrete, 
had a height of 91¢ feet. The final pressure at bottom of 
foundation will be 54¢ tons per square foot. The a 
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quantity of masonry, including concrete, 48,900 cubic 
yards. 

“ The New Yorkpier rests on compact sand and gravel, 
immediately overlying the bed rock. The caisson was 
102 x 172 x 3114 feet, also of timber. The edge of the caisson 
is 78 feet below tide. The tower contains about 55,000 yards 
of masonry and concrete. The pressure at the base is about 
6%, tons, and on top of the timber about 1044 tons per square 
foot. 

Work on the Brooklyn caisson was begun November Ist, 
1869. The caisson was launched in March, 1870, and put in 
place, and the first stone set June 15th, 1870. It was sunk 
to full depth, and filled in by March, 1871. Stone work of 
the pier completed December 1st, 1874. 

The New York caisson was begun September 6th, 1870, 
launched May 8th, 1871; put in place and sunk to depth, 
May 17th, 1872; filled with concrete, July 22, 1872. First 
stone of pier set, October 31, 1871, and pier finished July 
15th, 1876. 

Last wire of cable laid, October 5th, 1878. 


THE PIERS OF THE 8ST. LOUIS BRIDGE, 


James B. Eaps, Chief Engineer. 


All the great piers of this bridge, four in number, stand 
upon the bed rock of the river. Two of them are nearly 
two hundred feet high. The base of the west abutment was 
laid within a coffer dam; the other three were sunk through 
the water and river sand by the method of compressed air. 
The method employed was in many of its features entirely 
new, and in nearly all important respects the work was on a 
seale far surpassing all previous experience. The most 
difficult, on account of the depth and strength of the river 
and the distance to the rock, was the east pier, and it was 
undertaken first. The iron caisson, inclosing the air cham- 
ber, was first towed into position between the large guide 
piles. Its length was 82 feet, its width 60 feet, and the 
depth of the chamber was 9 feet. The ceiling of the cham- 
ber was stiffened by cross-plate girders, and the walls by 
iron knee braces. Two walls of oak timber running the 
entire length of the caisson helped to support the ceiling as 
soon as the caisson reached the bottom of the river. These 
walls, as well as the outer walls of the caisson, were built 
with a broad flat base which took a bearing on the sand. 

In all cases the masonry was laid in the open air, begin- 
ning on the roof of the caisson. Powerful air pumps sup- 
plied air at a pressure sufficient to expel all water from the 
air chamber. The masonry of the east pier was protected 
from the water by a coffer dam of iron plates riveted to the 
edges of the caisson, and the descent of the caisson was toa 
certain extent regulated by suspension bolts and nuts. 
The iron coffer dam around the masonry was, with the ex- 
ception of a few courses required while the caisson was still 
floating, omitted from the west pier as-a costly and unneces- 
sary feature, while the east abutment was sunk in the most 
satisfactory manner, without either the coffer dam or the 
suspension rods. 

Entrance to the chamber was through air locks, the main 
one being in the center. 

In tlie east pier, ascent to the top of the masonry was by 
means of stairs. When the caisson was on the rock, the 
stairway was fully one hundred feet high. The stairs were 
supplemented in the east abutment by an elevator, to the 
great relief of the workmen. 

The east pier was sunk from the surface of the river to 
the bed rock in 134 days, the east abutment in 132 days. 
The sand was removed by sand pumps, the general arrange- 
ment of which consisted of a water-jet discharging upward 
toward the center of a hollow globe; this globe was placed 
in the caisson at the bottom of an iron tube which extended 
upwards through the masonry and was connected with a 
flexible tube below; the lower end of the flexible tube was 
kept submerged in the water below the level of the bottom 
of the caisson, and this water was drawn upwards by the in- 
ducing force of the jet, carrying with it a large quantity of 
sand; the general arrangement was not unlike that of the 
Gifford injector. The sinking was mainly regulated by un- 
dermining the bearings. In the east abutment, which is 
probably the most successfully constructed deep foundation 
ever built, the process of settling was reduced to a science. 
The discharge of the sand pumps was in excess of the ma- 
sonry, though as much as 346 cubic yards were laid in less 
than twelve hours on that one pier. Whenever the height 
of the masonry required that the pier should sink, the air 
pumps were stopped, and the air was allowed to escape 


THE 8T. CHARLES BRIDGE OVER THE MISSOURI RIVER. 
C. SHater Samira, C.E. 


This bridge crosses the Missouri river at a point 17 miles 
west of St. Louis, and 20 miles above the junction of the 
Mississippi and Missouri rivers. Being within the range of 
the Mississippi backwater, the variation of the water level 
at this point is over 40 feet, and the flood speed of the cur- 
rent very great, exceeding in fact 944 miles per hour twice, 
during the period occupied in the construction of the bridge. 
In 1869, after the piles had been driven for the breakwater 
for Pier No. 5, a heavy freshet occurred, which carried away 
the works at this point, and in doing so, scoured out a large 
hole at the pier site, which hole was soon filled with the 
traveling bowlders which move along the bed of this river 
at such times. After the subsidence of the flood a careful 
examination showed that the proposed site was occupied by 
an inverted pyramid of bowlders and drift wood, 200 feet 
long by 70 feet wide at the base and about 22 feet thick at 
the deepest part. The caisson, which was of iron, double- 


with the water jet and Eads’ sand pump, and was altered to 
suit the new condition of the case, as follows: 
An air lock 12 feet high was placed at the foot of the 


door, which swung vertically, was nearly the full section of 
the shaft, and was counterweighted so that the strength of 
one man sufficed to raise it into place. The underside of 
the air lock was seven feet below the top of the air chamber, 
and the up and down stream sides were provided with large 
doors 36 inches by 30 inches, placed as close to the floor of 
the lock as possible. The air was admitted to or from this 
bowlder lock in less than one minute, through an inch and 
three-quarters pipe, the stop cocks of which were managed 
by a man within the air chamber and outside the air lock, 
as this rapidity of alteration of pressure was too great for 
human life to endure. 

This arrangement was found to work admirably. Small 
iron cars 24 inches by 18 inches by 36 inches were filled with 
bowlders, and run on skids into the lock, the air was let out, 
the upper door dropped down, and the fall tackle of a large 
derrick passed down the shaft, was bitched to the car, and 
the latter was then drawn out, swung around, and its con- 
tents emptied on to a barge, where they were broken up into 
concreted stone, for use in the hearting of the pier. any 
of the bowlders weighed from 600 to 1,300 pounds each, and 
were too large for the cars. These were passed on trucks 
into the bowlder lock, and were taken out in slings by the 
derrick. After 3 feetin depth of bowlders had been remov- 
ed, the sand which had formed the matrix, generally made a 
layer of about 12 to 16 inches in depth. This was removed 
by the Eads sand pumps, the suction pipes of which reached 
to all parts of the air chamber. 

The most economical method of working was found to be 
as follows: While excavating the air was kept at a pressure 
of from 10 to 15 feet (or 44% to 615 lb. per inch) greater 
than required by the depth at which the men were working. 
This dried the bed for two feet below the cutting edge. The 
bowlders were excavated until water was reached, and under 


sand layer was then pumped out and the pressure in the air 
chamber lowered until the pier sank down to the top of the 


great friction of the materials after the bowlders had com- 
menced caving and packing. In the last 20 feet the pier 
never moved until a skin friction of 466 Ib. per square foot 
of immersed surface had been overcome. 


hour each. They were found to work best with a three-inch 
discharge pipe and 200 lb. per square inch water pressure. 
Three Cameron pumps, with 12” x 24° steam, 6" x 24" water 
cylinders, were used to supply two of the sand pumps, and 
were worked up to their full capacity in so doing. 


THE POUGHKEEPSIE BRIDGE. 
P. P. Dickinson, Chief Engineer. 


This work is located at Poughkeepsie, on the Hudson, 75 
miles north of New York city. The width of the river at 
the bridge site is 2,430 feet, and the depth of water from 50 
to 60 feet, with a tidal motion of three miles perhour. The 
bed is composed of 20 feet of sediment and mud, 10 to 40 
feet of compact blue clay, 6 to 10 feet of sand, and 10 to 15 


walled and cellular, had already been arranged for sinking | 


down-stream shaft, the upper side of the lock being a large | 


the bearing beams were replaced by sand, well tamped; the | 


bowlders. A marked feature of this foundation was the | 


Eads’ sand pumps removed 18 cubic yards of sand per | 


four to five yards at a time, without damage from wash, 
forming an artificial base homogeneous with the bed gravel. 
| This filling continues to the top of the caisson, a height of 
| 77 feet in the case of Pier No. 4, now completed, the same 
being 20 feet below low tide, at which point the granite 
work begins. The caissons contain each an average of two 
and a half millions of feet, board measure, of timber, and 
350 tons of wrought iron, and will contain 40 columns of 
concrete, 12 of which, 12 feet square, extend from the bed 
| gravel to within 20 feet of low tide, the remaining 28 rest- 
| ing upon the cutting edges, which are solidly embedded in 
| the gravel and extend to the same height. The concrete is 
| composed of Portland and Rosendale cement, mixed with 
sand, gravel, and broken stone, in the proportion of five to 
| one, 
The examinations and soundings of the river at Pough- 
keepsie, for the purposes of determining the feasibility of 
obtaining suitable and safe foundations, were made in 1872, 
/and carried forward to a full and satisfactory development 
| of the entire practicability of the undertaking. On the 20th 
| of January, 1875, a contract was entered into by the Pough. 
keepsie Bridge Company with the American Bridge Com- 
any of Chicago, Illinois, for the completion of the work. 
New soundings and examinations of the river were made by 
the latter company at the proposed sites of the different 
piers, fully confirming those of 1872 and 1873. The great 
depths to which it was found necessary to go to reach the 
| gravel, upon which the foundations rest, required a plan by 
which the desired object could be secured without resort to 
the pneumatic process, which has been accomplished b 
| adopting the present plan of open caisson designed by W. 
|G. Cooledge. By the terms of the contract between the 
| Poughkeepsie Bridge Company and the American Bridge 
Company the bridge is to be completed and ready for the 
passage of trains by January Ist, 1881. It is being con- 
structed under the immediate direction of P. P. Dickinson, 
Chief Engineer of the Poughkeepsie Bridge Company, and 
| W. G. Cooledge, Engineer of the American Bridge Com- 
| pany. 


PREPARING METAL SHEETS AND WIRE FOR 
COATING. 


A SPECIAL improved process of treating metal previously 
to its being coated with tin, lead, or zinc, has been invented 
by Mr, C. Conway, of Pontnewydd, near Newport, Eng. 
The present method is to subject the iron, steel, or other 
metal to a bath of sulphuric acid, but Mr. Conway’s inven- 
tion does away with the use of acid and substitutes carbon 
| or hydrocarbon, either in the form of vegetable or mineral 
| tar or hydrocarbons, which may be applied mechanically or 

by manual labor, but he finds it advantageous to employ a 
| machine by which the plates by means of rollers are passed 
through a bath containing the carbon to be used, thus doin 
away with what is a known as ‘ black pickling ” 
| in the manufacture of tin and terne plates. After passing 
| through the bath the plates or metal of other forms go 
through the usual process of annealing, cold rolling, white 
pickling, and tinning, as is well understood. 


PROGRESS OF MARINE STEAM ENGINEERING. 


Ir is interesting to compare the present performance of the 
| transatlantic steamers, and their relative consumption of 
coal, with the same data in 1840. The Britannic, of the 
| White Star Line, made average passages in the year 1877 
| in 7 days 10 hours and 53 minutes, consuming less than 551 
Ib. of coal per ton of freight, and having an average speed 
of 15°6 knots per hour. On the other hand, in 1840, the Bri- 
tannia, the most famous steamer of its day, used 5,291 lb. of 
coal per ton of freight, with an average velocity of only 844 
knots per hour.— Fortschr. der Zeit. 


COMPARATIVE STRENGTH OF WOOD AND IRON. 


TueEstrength of wood is proportioned to its density, and can 
be increased by its immersion for two or three days, or un- 
til complete saturation. in linseed oil, kept at a temperature 
from 150° to 212° Fahr.— Fortschr. der Zeit. 


GLYCERINE IN RUBBER. 
C. Scuwanrtz, Jr., of Berlin, uses glycerine in the pre- 


feet of coarse gravel, with bowlders overlying the rock, 
which is at a depth of from 119 to 145 feet. There are to be 
five spans, of 525 feet each, with a depth of truss of 65 feet. 
The substructure consists of four river and two shore piers, 


slowly from the chamber. The motion of the water along 
the outer faces of the masonry and caisson, and under the 
cutting edges rendered the sand sufficiently mobile to pro- 
duce a gentle and perfectly regulated descent of the caisson 
and its huge burden; workmen meanwhile undermining the 
central walls. The startiug of the air pumps would instantly 
stop the settling. 

The caisson of the east abutment was built of wood, with 
only a single thickness of iron plates to make it air-tight. 
The wood consisted of squared oak timbers bonded and 
strongly bolted. The timber surfaces were whitewashed, 
and the air chamber was brilliantly lighted by lamps burn- 
ing in glass globes fed by compressed air, and discharg- 
ing the products of combustion into the upper air through 
tubes. 

When the bed rock was reached it was cleared of all | 
loose material and concrete was packed under all the sup- 
porting surfaces. The air chambers of the channel piers were | 
filled solid with concrete. This was mixed on the top of the | 
masonry, and introduced through small air locks, and being | 
done at the maximum depth, was a work of great difficulty, 
involving no small danger to the workmen. The caisson of 
the east abutment was filled with sand, except under the 
walls, which rest on concrete. The caisson was allowed to 
fill with water and the sand was then pumped in, and re- 
quired no packing except a few inches under the roof, 
where it was rammed as firmly as possible. The base of 
the east abutment is 83 feet by 70 feet 6 inches; the top is 
64 feet 3 inches by 47 feet 6 inches. The height of the 
masonry is 192 feet 9 inches. It contains 22,453 cubic yards 
of masonry, and its weight, with half the span it supports, 
is about 46,500 tons. Its base is 1384 feet 6 inches below 
high water. 

The caisson of the east pier cost $111,000; that of the 
east abutment, $139,700. The masonry and sinking of the 
ae cost about $469,000; that of the east abutment, 

51,000. 

Twelve men who worked under the east pier died from 
the effects of compressed air. One only died at the east 
abutment, and he suffered the penalty of positive disobedi- | 


ence of orders. Excepting this unfortunate loss of life, no ' removal of all unctuous materials the work of filling in with work hot, and is oualh 
serious accident attended the construction of these massive 
foundations. 


with two abutments, to be built of granite masonry to a 
height of 135 feet above high tide, having a base of 72 by 32 
feet, at 20 feet below high tide, and 40 by 12 feet at top—_ 
giving a pressure at the base of about 5 tons to the square 
foot. The shore piers and abutments have their foundations | 
on rock, on the river bank. | 
The four river piers are founded on caissons, filled with | 
concrete and resting on the bed gravel—the east pier being | 
122 feet, the two central 112 feet, and the west pier 97 feet 
below low tide. The caissons are 60 feet wide by 100 feet 
long, composed of yellow pine and white hemlock timber, 
12 inches square. The lower edge of the ends, sides, and | 
central portions of the caissons is built up solid with timber | 
thoroughly bolted together, for a height of 18 feet, running 
from a cutting edge, shod with iron to a thickness of 10 feet 
on the sides and ends, and 15 feet in the center wedge- 
shaped portion. Transverse walls of timber, commencing 
4 feet above the cutting edges, bind the caissons together, 
dividing the central portion into 12 open compartments. 
At the height of 16 feet the transverse and the exterior 
longitudinal walls are 3 feet thick, and the four interior 
longitudinal walls 2 feet thick. By this plan of building 
the caisson is divided into 40 compartments. The outside 
and center line of compartments are 28 in number, placed 
over the cutting edges. These compartments receive the 
concrete required for additional weight in the sinking. The 
remaining 12 compartments, each 12 feet square, extend to 
the bed of the river, and through them the material is re- 
moved by aid of the clam-shell dredge; the sinking of the | 
caisson being controlled by excavating from either of the | 
12 compartments until finally resting in position. 
A notable feature of the work is the great depths from 
which material has to be dredged, and the ease with which 
the caisson is held in position. The extreme depth of 
dredging required is 130 feet, which is being done without | 


| difficulty. The work of sinking the caisson to its foundation 


having been completed, the services of a diver are availed | 
of, who makes an examination of the river bed through the 
various open compartments, and upon whose report of the 


concrete begins. It is lowered to the river’s bed by the use 


of the clam-shell dredge, where it is deposited in masses of | 


| mension of space, Tissandier thinks it strange that men who 


| the character and quality of the alloy from about 10 to 30 


paration of vulcanized rubber, in order to secure it from in- 
jury by fats and oils. He also passes the finished mass be- 
tween warmed rojls, in a glycerine bath, in which it is ex- 
posed to steam, under a pressure of two or more atmo- 
spheres.—Dingler’s Journal. 


GERMAN SCIENTIFIC CREDULITY. 


TuHE well known German professors, Fechner, Weber, and 
Scherbner, have added their testimony to that of Zollner, 
in favor of the “ spiritualistic " mediumship of Slade. In 
remarking upon Zollner’s curious method of accountin 
for the phenomena by supposing an unknown fourth di- 


occupy some of the most important chairs of the German 
University should be so easily deceived.—La Nature. 


MANGANESE BRONZE. 


Tnx alloy, whether approaching to the characteristics of 

n-metal, bronze, or brass, has mixed with it varying pro- 
portions of ferro-manganese, but the process differs consid- 
erably from those in which oxide of manganese has previ- 
ously been used, and in which a considerable uncertainty 
existed as to the proper mixture or amount. The Parsons 
process is as follows: Ferro-manganese, such as is used in 
steel manufacture, is obtained, as free as possible from sili- 
con, and containing a high percentage of metallic man- 
ganese. This is melted in a crucible with the very purest 
wrought-iron scrap that can be obtained, so as to bring the 
proportion of manganese to that found most suitable for the 
various alloys to be made, and which varies according to 


per cent; the effect also of remelting the ferro-manganese 
with wrought iron is to remove a large portion of the silicon 
contained in the former, which is found advantageous. 
Four distinct kinds of manganese bronze are at present 
manufactured, and some of these vary in their qualities. 
No. 1 is used exclusively for forging and rolling into rods, 
plates, sheets, and drawing into wires and tubes. It can be 
made of a mild quality to rivet cold or of a high quality to 
cast in iron moulds, as it does not 
erefore is not adapted for ordinary 


cast well in sand, and 
castings. 
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The following are the results of some tests on the tensile 
strength of different grades of manganese bronze No. 1, 
rolled into rods and plates made at the Royal Gun Factories, 
Woolwich: 


Rods, In. 
Diameter of specimen... 
Length of breaking portion.............2 


1/ i 29 44.6 |Mild quality for bolts, 
rivets, &c., to rivet cold. 
16.6 30.7 20.7. |Stronger, suitable for 


3| 34 | 306 12.6 


Tons Square 
No. 
Blastio | Break-| § +i 
Limit. Strain go 
4) 13.02 | 27.68 | 37.1 Broken across the fibre, 
5 | 14.06 30.13 47.8 | ,,  indirocti 
7| 16.7 30.1 28.8 | »» ‘cross the fibre. 


No. 2 is an improved quality of No. 1. It has even a 
greater tensile strength and toughness when forged or rolled 
than No. 1, and it possesses that valuable quality of casting 
beautifully clean and perfectly sound in greensand. It runs 
very fluid, and the thinnest castings can be made of it with 
facility, and when thus cast it possesses a transverse strength 
greater than the best wrought iron, together with stiffness 
and a remarkable degree of toughness. A bar of this metal 
lately tested for transverse strength at the works of Messrs, 
Maudslay, Sons & Field gave the following results: 


Distance between supports....... ..12 in. 


Weights applied at Center. Deflection. 
Ib. in. 
3,360 0°68 
4,082 1°44 
4,25 2°30 and broke. 


It will be easily understood that a metal possessing such 
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THE HISTORY OF ALIZARIN AND _ ALLIED 
COLORING MATTERS, AND THEIR PRODUCTION 
FROM COAL TAR. 

By W. H. Perkty, F.R.S. 
LECTURE II. 

Last Thursday week I brought before you a brief ac- 
count of the dye stuff, ‘‘ madder,” and also of the chemical 
history of its coloring matters, alizarin and purpurin, their 
| artificial production from anthracene, and of the new dyes 
| which are allied to them, etc. I treated the matter, to some 
extent, from a purely scientific point of view, as I felt it 

necessary to do so before proceeding to give an account of 

the practical operations involved in the manufacture of 
these substances. 

To-night I propose bringing before you the history of the 
technical part of my subject; but before entering into this, 
I wish to mention that I had the good fortune of being as- 
sociated with my brother, Mr. T. D. Perkin, in carrying 
out this manufacture, and to his business habits and skill in 


devising and erecting new plant, the rapid development and | 
success of this new industry was to a great extent due.* | 


Our works were at Greenford Green, near Harrow, and on 
the Grand Junction Canal. They were erected in 1857, for 
the manufacture of the mauve dye, and afterward also used 
for the production of various other coal tar colors. I men- 
tion this because we were able to employ some of our plant 
| which had fallen into disuse for our preliminary operations, 
|and thus a considerable amount of time was saved. Our 
manufacturing experiments for the production of artificial 
| alizarin were commenced about the middle of 1869, and the 
| first question which naturally came before us was that of 
the production of the raw material, ‘“‘ anthracene.” At this 
| period anthracene was unknown to the tar distillers, and, 
| consequently, was not a commercial product. Experiments 
| had, therefore, to be made upon its preparation, not only to 
| obtain it, but also to get some rough idea of the amount that 
|could be produced from coal tar, because, unless it were 
practicable to get it in quantity, artificial alizarin could not 
successfully compete with madder. 

For the purpose of preparing anthracene for my experi- 
ments in 1855 t had employed coal-tar pitch, and distilled it 
in iron pots. I, therefore, naturally selected pitch as the 
source of anthracene, and having a number of iron retorts 
ready for use, many tons were distilled. From the amount 
of anthracene we obtained in this manner we felt assured 
there was no reason to fear there would be any lack of raw 
material. 


great strength, and that can be cast thin and sound, would 
be the best possible material for propellers, and a very beau- | 
tiful example of one was exhibited at the Conversazione of 
the Civil Engineers, on the cycloidal system, intended for a 
torpedo boat. Another valuable property possessed by this 
quality is that of retaining nearly all its strength and tough- 
ness under increased temperatures up to between 500 and 
600 deg., which renders it admirably suited to all kinds of 
steam fittings which have to bear high pressures at high | 
temperatures, | 

No. 3 is used exclusively for castings; it is in fact an im- | 
proved kind of gun-metal, possessing about 60 per cent. 

reater strength combined with a large amount of toughness. 

t is used largely for the main bearing and crankpin brasses | 
of large marine engines usually lined with Parsons’ white | 
brass, as well as for other parts of the engines hitherto made 
of gun-metal. 

No. 4 is somewhat similar to No. 3, but considerably 
“harder, and its principal use is in those parts of engines and | 
machines subjected to friction. It is used for slide valves, 
faces, piston rings, slide blocks, top-end connecting rod 

brasses, etc. 

The manganese bronze in the above forms is now being 
used largely by many of the leading steam navigation com- 
panies and tnarine engineers, but one of the most remarkable 
applications of the material is for the building of torpedo 
boats in place of steel, one of which to the order of the Ad- 
miralty has lately been built at the Thames Lron Works for 
Messrs. Maudslay, Sons & Field. This boat is 85 feet long 
and about 10 feet beam, the plates, angles, and rivets being 
entirely of manganese bronze rolled, and the stem and stern 
frame of the same metal cast. The contract for the plates, 
etc., was taken by the White Brass Company, under condi- 
tion that they should stand the Admiralty tests for steel, 
which they went through with perfect success, the plates 
tested in the presence of the Admiralty inspector giving a 
tensile strength of between 29 tons and 30 tons per square 
inch both with and across the fiber with an elongation of 25 
to 35 per cent. The application of manganese bronze to this 
purpose was brought about at the recommendation of 
Messrs. Maudslay in consequence of the rapid deterioration 
of the steel plates in some torpedo boats after a life of only 
about twelve months from oxidation, and there can be no 
doubt that for this and other light vessels, such as launches, 
yachts, etc., it will prove a most valuable material, it having 
all the strength and toughness of the best steel, and, at the 
time, it is practically indestructible. Of course the first cost 
is more, but not extravagantly so; estimated upon the whole 
cost of a torpedo boat, including the engines, etc., the addi- 
tional expense of substituting manganese bronze for steel 
would amount to about 10 per cent., and when it is remem- 
bered that this alteration will probably, at least, quintuple 
the life of the boat, and that when broken up the old metal 
will have an intrinsic value of more than ten times that of 
steel, the actual cost of using the manganese bronze for this 
purpose will not in reality be greater than steel; it will, in 
fact, simply amount to an investment of about 10 per cent. 
more capital for a certain time, for which adequate advan- 
tages will be secured; the only circumstances which would 
cause the additional cost to be felt would be in the case of a 
number of these boats being sunk or destroyed in warfare 
after a short life. 

In addition to the before-named uses the manganese bronze 
is likely to come into use for a variety of general purposes 
for which brass is now employed, such as tubes, wire, 
wood screws, cartridge cases, sheets for making locks and a 
variety of other articles in daily use, and considerable | 


| 


advance has been made for its application in these direc- | 


tions. —Hngineering. 
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The pressed anthracene was at first purified, as above, 
| with coal tar naphtha, and then distilled, but it was found to 
be still far from pure; this was a great drawback, because 
when converting it into anthraquinone by oxidation with 
potassic bichromate and sulphuric acid, in the way we then 
conducted the process, a large quantity of the oxidizing mix- 
ture was used up on the worthless impurities as well as on 
| the anthracene, thus adding greatly to the expense of the 
anthraquinone, and not only so, but rendering the purifica- 
| tion of that substance more troublesome. 

After making a number of experiments with different 
solvents, which were only partially successful in removing 
the impurities of the anthracene, | thought that by distilling 

| it with a caustic alkali some good might be effected, as all 
| Substances of a phenolic character would be removed, and 
; some of the high boiling and less stable products might be 
|charred. In this I was not disappointed. A quantity of 
anthracene which had been purified with naphtha and dis- 
tilled was redistilled in a glass retort with solid caustic pot- 
ash. The distillate was considerably less in weight than the 
anthracene taken, and in the retort there was a large quan- 
tity of a black carbonaceous residue. Although still not 
pure, the anthracene was immensely improved in quality, 
and, with but little treatment with solvents, yielded a chemi- 
| cally pure product, crystallizing in a most beautiful man- 
ner, superior to anything I had ever seen before. 


| The process was next tried on the large scale, caustic soda 


being employed in place of caustic potash, but I was sur- 
prised to find that no purification of any consequence was 
effected; on repeating it, however, with caustic potash the 
same result was obtained as that in the laboratory. 

After experimentally proving that anthracene is not de- 
stroyed when distilled with potash, this process was adopted 
on the large scale. 

In purifying anthracene with coal-tar naphtha a loss of 
anthracene was found to take place, on account of its solu- 
bility in that fluid. We found, however, that by using 
petroleum spirit this loss was, to a great extent, avoided; 
therefore the use of naphtha was discarded. 

After many experiments the purification of crude anthra- 
cene was conducted in the following manner: 

The first operation, viz., the treatment with petroleum 
spirit, was conducted in a large, separate building. The in- 
ternal arrangements of this were practically the same as re- 
presented in Fig. 1. 

The crude anthracene was first thoroughly ground under 
the edge runners, a4, which made most of the ordinary 
qualities of pressed anthracene into a very stiff, pasty mass. 


The ground anthracene was then put into boxes, and hoisted 


Fie. 1.—APPARATUS FOR THE MANUFACTURE OF ANTHRACENE. 


When distilling pitch we found it generally best not to 
allow the very last portions of the distillate to mix with the 
earlier ones, as they are sticky, and contain little, if any, 
anthracene. Sometimes we redistilled the distillate; this 
improved it considerably. (Distillation of pitch in pitch 
ovens destroys most of the anthracene.) The oily distillate, 
on being allowed to stand for some days, deposits the an- 
thracene; this we separated by draining the products in can- 
vas bags, and then pressing out as much of the remaining 
oil as possible with a screw press. In July we set up our 
first hydraulic press for this purpose. The crude anthra- 
cene was then washed with coal-tar naphtha, and afterward 
distilled. The apparatus for distilling consisted of two re- 
torts, set side by side, connected to each other by a large 
bent iron pipe, one retort being used as a still, the other 
acting as a receiver. The connecting pipe was kept hot to 
yrevent the anthracene from blocking it by condensing. 
The distilled anthracene was partly in the form of a hard, 
yellow, crystalline mass, and partly in the form of a crystal- 
line powder. 

We obtained by this means about %{ to 1 per cent. of pure 
anthracene from the pitch we employed. During the time 
we were carrying on these experiments we asked some large 
tar distillers, Messrs. Blott, of Poplar, London, to collect the 
last runnings of their tar stills, and set them aside to cool. | 
These deposited considerable quantities of anthracene, 
which was collected in canvas bags, and it was soon found 
that by this means large quantities of anthracene could be 
obtained. Messrs. Blott then commenced to prepare this 
substance in quantity,+ and to supply us with it. Other tar | 
distilleries were then communicated with, in fact, nearly 
all the tar distillers in the United Kingdom were either 
visited or written to on the subject, and the result was that, 
in a short time, such quantities of anthracene came in that 
it was unnecessary for us to continue to distill pitch. 

The anthracene obtained from the tar distillers was sent 
out in casks, and was ina thick, pasty condition. It was 
pressed in hydraulic presses between thick linen sheets, in 
the same manner as paraffin is pressed when being purified, 
and was thus obtained in solid cakes, weighing about one- 
fourth of the unpressed product. Most of the tar distillers 
now press their anthracene before sending it into the mar- 
ket. The anthracene supplied at first was usually of a very 

ood quality, much better than afterwards, when it was 
ound to be an important product, because the distillers 
then endeavored to extract all they could from their tar, and 
thus many other products were separated with it. 


* Our firm was known as Perkin & Sons. 
+t July, 1869. 


to the top floor of the building by means of a windlass. It was 
then introduced into the large iron cylindrical vessels, 5 0, 
which had been previously half filled with petroleum spirit, 
and the agitator, c, also set in motion. About 1,500 to 1,800 
Ib. of crude anthracene, and about 300 gallons of petro- 
leum, were used in each operation, the proportion of petro- 
leum, however, being varied according to the quality of the 
anthracene. 

Steam was then turned on to the steam jacket, d, with 
which the cylinder is provided, until the petroleum nearly 
boiled, the manhole being kept loosely covered, to avoid 
evaporation. The stirring was continued for an hour or 
two, after which the product was run into cooling tanks, e. 
These were not very large, and kept apart, so that the air 
might freely circulate around them. The principal object 
of the cooling was to allow any anthracene which had dis- 
solved in the petroleum spirit to crystallize out. When cold, 
the wooden plugs, f, which close the outlets of these tanks, 
were removed and their contents run out into the filter tank, 
g. The filter consists of a perforated wooden floor, covered 
with coarse canvas, 2. As the petroleum charged with im- 
purities drains away, it was received in a large tank sunk in 
the ground, 7. The anthracene on the filter was afterwards 
washed by pouring over it a little clean petroleum spirit. 

When thoroughly drained the anthracene was removed to 
the tank, j, provided with a still head, /, connected to a 
worm tub, /; some water was then added, and steam blown 
through the mixture to volatilize the petroleum, which after- 
wards condenses in the worm, and runs into the tank, m. 

In the bottom of the tank, j, there was a large tap con- 
nected with a pipe, ». When the operation was finished 
this was opened to allow the water to flow out, and as this 
usually carried anthracene with it, it was passed through 
canvas bags. The front manhole was then opened, and the 
anthracene removed and placed in dry casks to further 
drain. In this operation average qualities of anthracene 
usually lost about 30 per cent. of impurities. 

The dirty petroleum in the tank, 7, was pumped into the 
still, o, and distilled by blowing steam through it; it then 
flowed into the tanks, m, and after the water which has con- 
densed with it was run off sufficiently by the taps near the 
bottom of the tanks, so that only petroleum flowed from the 
two little test os pees higher up, it was pumped into the 
cylinders, B B, and used for a fresh operation, and thus it 
was used over and over again. 

The residue in the still, 0, was a dirty, thick, oily product 
mixed with water; it was run out at the pipe, p, into tanks, 
and on cooling became a semi-solid mass. This product was 
used as fuel under evaporating pans. For this purpose it 


| was kept fluid by being warmed in a boiler; it was then run 
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| 
through a pipe into a special jet supplied with steam, which | top of the cask a bent leaden pipe, d, was fitted to serve 
converted it into spray. This was kept ignited under the|as a delivery tube. This passed to a stoneware Woulfe’s 
pans by means of a small coke fire. | bottle. In using this apparatus hydrochloric acid was 

The next operation consisted in distilling the anthracene, | poured into the cask. The necessary amount of chloride 
thus far purified with caustic potash. or this purpose | of lime was then mixed with water in a tub, so as to form 
ordinary Montreal potash was used. This was usually found | a creamy fluid. This was then _ through the funnel 
to contain considerable quantities of caustic potash, and into the hydrochloric acid by degrees, and according as 
answered the purpose perfectly. We found it necessary to| the chlorine was wanted in a rapid or slow current the 
use some caustic lime with it, otherwise the residue left in | chloride of lime was added quickly or slowly. This pro- 
the retorts caked so hard that it was only with great diffi.| cess does not work well if the chloride of lime is placed 
culty that 1t could be removed. in the cask, and the hydrochloric acid added, on account 

The proportions used were usually in the ratio of 100| of the greater density of the chloride of lime. One ad- 
parts of washed anthracene, 30 parts potash, and 6 parts | vantage of this method of generating chlorine is that the 
ground lime. These substances were thoroughly ground | amount can be easily regulated by the “chloride of lime 
under edge runners, and introduced into iron retorts and | used. Of course, this is an expensive method of prepar- 
distilled. |ing chlorine, and we always intended putting down proper 

When we first distilled the anthracene with potash we em-| plant, with Weldon’s arrangement for recovering the man- 
ployed retorts with the outlets at the back bolted on, but we ganese; but our attention was then so taken up with other 
found it impossible to get jomts to stand the constantly re- matters that we kept putting it off, and continued to use 
peated heatings and coolings of the apparatus. We, there- 
fore, had the necks cast on the retorts, as in Fig. 2 ata. It 
was also found necessary to keep the mouths of the retorts 
well over the dead plates, otherwise anthracene condensed 
on the retort door. 

For some time we used large iron tanks as condensers, 
two or three retorts distilling into each, but as considerable 
quantities of hydrogen gas were given off, the operation of 
cleaning them out was dangerous, because as the air mixed 
with the hydrogen it became an explosive mixture, and if 
any part of the retorts had not cooled down sufficiently this 
would be ignited; in fact, it was owing to an accident of 
this kind that we first noticed the evolution of hydrogen. 
Afterward we made experiments to see how small a re- 
ceptacle could be used, and at last found that reservoirs of 
the shape and construction seen in the diagram answered 
perfectly. They consisted of iron troughs, as seen at 3}, 
fitted to the retort neck. The further end of the receiver 
was closed with a loosely-fitting piece of wood. The to 
consisted of loose iron lids, hinged on one side of the | chloride of lime until we gave up manufacturing I should 
trough, and provided with long iron handles, ¢, ¢, c, so that imagine this was the first instance of chlorine being prepared 
they could be easily opened or closed. | in large quantities in wooden tubs, and I have described it, 

Before the distillation was commenced these lids were | as it might be useful to others yho want a supply of this gas 
luted down, but this was scarcely necessary, as the sublimed | without loss of time. 
anthracene soon stopped up the crevices. The hydrogen| For treating the anthracene with chlorine leaden cham- 
escaped at the back end of the trough. The retorts were set | bers were used, technically called ‘‘ chlorine ovens.” They 
on fire lumps, to prevent their burning out. The distillation | were about 10 ft. long, 4 ft. 6 in. wide, and 1 ft. 6 in. deep 
was commenced in the morning, after the previous day’s in the center. Fig. 4 is a representation of a pair of these 
residues had been cleaned out from the retorts, and they ovens. From the section it will be seen that the bottoms 
had been recharged. are flat until within about 1 ft. 6 in. of the end. They then 

Before the receivers were emptied the lids were opened gradually slope up about 6 in. to the manholes at the 
from below, so that any permanent gas might escape, and | ends, aa. The doors of these manholes are slabs of wood 
then the anthracene removed. This was found to be partly covered with lead, and held in their places by means of a 
in the form of very pale primrose, yellow crystalline cakes, | cross bar and screw. The lugs are connected with an iron 
and partly as a light sublimate. As it contained some water | frame, over which the lead is beaten. In the center of the 


Fie. 8.—CHLORINE APPARATUS. 


Fie. 2.—ANTHRACENE RETORTS. 


top are other openings for charging the ovens, dd, and } in 
section. They are provided with lids, made air tight by 
means of hydraulic joints. The channels in these joints, 
| however, were not filled with water, but by an impurity ob 
' tained in the manufacture, called ‘‘ chlorine oils.” At each 
end of these ovens two lead pipes are inserted, one for the 
inlet of chlorine, and the other for the escape of hydro- 
|chloric acid and unused chlorine. These pipes are made 
to project into the ovens to prevent the action of any 
“drip” which might otherwise injure the top of the oven. 
The top is anngiened by cross pieces of timber, fastened 
with leaden straps. The ovens were usually made of 20-Ib. 
lead. The luting for the end manholes was made of china 
clay and chlorine oils. 


locked up in its interstices, it was ground under edge run- 
ners and then dried. The black carbonaceous residue left 
in the retorts, when heaped together, easily catches fire, 
and continues to burn for a very long time. The pot- 
ash was recovered from the residue, causticized, and again 
used. 

When commencing the manufacture of artificial alizarin 
we employed the process described in my first patent, in 
which anthraquinone is used. By this method we prepared 
large quantities of coloring matter. My second process, 
however, was found, especially at that date, to possess con- 
siderable advantages over the first. In this, it will be re- 
membered, dichloranthracene is used, and therefore as soon 
as the technical difficulties were mastered we employed it in 
preference to the first, though sometimes we manufactured | 
by both. 

"he most of the coloring matter manufactured by us was 
prepared by the dichloranthracene process, I have thought 
it best to describe it first, afterward returning to our experi- 
ences with the anthraquinone method. 

A large number of experiments were made upon the pre- 
paration of dichloranthracene, such as passing chlorine over 
anthracene suspended in solvents; or over anthracene which 
had been purified with petroleum spirit or bi-sulphide of 
carbon and then distilled; or anthracene which had been dis- 
tilled with caustic potash. 

The result of these experiments was, that it was found 
that the best process consisted in passing chlorine over an- 
thracene which had been purified by distillation with pot- 
ash; as, by this means, a beautiful product was obtained, 
which could be easily purified; whereas, anthracene which 
had not been distilled with potash usually gave a confused- 
ly crystallized, sticky mass, very difficult to deal with. 

As it was very important to produce coloring matter with 
the least possible delay, the manufacture of chlorine for the 
preparation of dichloranthracene was a matter requiring a 
good deal of consideration; because, if plant had to be 
erected, to prepare it in the ordinary method from black 
oxide of manganese, a great deal of time would have been 
lost. We, therefore, thought that, until the ordinary plant 
could be erected, we might make it expeditiously by de- 
composing chloride of lime with hydrochloric acid; and 
we found this to answer our purpose. The apparatus we 
used was of a very Simple nature. It consisted of a large 
well pitched wooden cask (Fig. 3). A hole was made near | 
the bottom, and fitted with a plug, 7, so that it couid be | 
easily emptied. In the top a square hole was cut, from 
which an earthenware jar was suspended by means of | b 
leaden straps, 6, The square hole was closed with a per- | i 


| 
| 


When first made, these ovens were supported on solid} 
brickwork, and it was found that by passing a good cur- | 
rent of chlorine over the anthracene sufficient heat was, | 

the chemical action, evolved to complete the process; | 
, however, the temperature was allowed to fall from an in 


forated piece of wood, through which a leaden pipe, ¢, | terrupted or slow supply of chlorine, the product partially 
was placed, reaching to the bottom of the earthen jar; the | crystallized, and the temperature could not be got up again 
bottom of the pipe was partly cut away, so that liquid’ sufficiently. The anthracene was, therefore, imperfectly 
could run freely throu 
the top of the pipe. 


h it. A funnel was also fitted to! chlorinated. To avoid this a steam chamber was formed in 
Throu h another perforation in the | the brickwork, ¢, seen by the dotted line, and covered with 
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an iron plate, on which the oven rested, and in this way the 
temperature was always sufficiently maintained. 

The hydrochloric acid gas which was formed in this 
operation was condensed in coke towers, and the acid used 
again. The reaction may be written thus: 


+2HCL 


Anthracene. Dichloranthracene. 
It is, however, probably much more complicated. Chlor- 
ine when acting upon anthracene first forms a dichloride: 


This substance is extremely unstable, and unless the tem- 
conga is kept near 0° C., decomposes as quickly as it 
orms, yielding monochloranthracene : 


C,,H,Cl+HCl. 
Monoch;:oranthracene. 


This substance, when meeting with fresh chlorine, is be- 
lieved to combine directly, and form a dichloride of mono- 
chlorantbracene : 


C,,H,Cl+-Cl,= C,,H,C1,Cl, 


hl 


Dichloride of 
And lastly, this, on decomposing, to yield dichloranthracene, 
C,,H,Cl,ChL=C, +H,Cl.+HCL 


Dichioranthracene, 


Towards the end of the operation of chlorinating anthra- 
cene the chlorine is not all absorbed, and escapes into the 
air from the coke towers, This was not only a nuisance,fbut 
also a loss. To avoid this the ovens were put up in pairs, 
and connected with a leaden pipe ; both were charged with 
anthracene, but only one chlorinated. Any unused chlorine 
passing away with the hydrochloric acid over the anthra- 
cene in the second oven was thus absorbed. The next day 
| the anthracene in the second oven was chlorinated and the 
| gases passed over the other one, which had been recharged 

with anthracene. 
| The charge for each oven was usually about 400 Ib. of 
| antbracene which had been distilled with potash, and of be- 
tween 40 and 50 per cent. quality. On passing the chlorine 
gas into the charged ovens, the anthracene geis dark in color 
| and fuses,* hydrochloric acid being evolved in abundance. 
After atime, this fluid product begins to deposit crystals, and 
soon becomes a semi-solid mass. The operation occupies 
about five or six hours. When finished, the top manholes 
were removed, and alight wooden flue, b, placed over them 
and connected with the opening into the chimney shaft, e, the 
}end manholes were then opened, and in a short time the ex- 
cess of hydrochloric acid and chlorine in the ovens was 
drawn out. The crude dichloranthracene, which covers the 
bottom of the oven as a crystalline cake, was loosened by a 
wooden tool, and then drawn out with a wooden hoe into 
some convenient vessel, asf. When broken up, the pieces 
of dichloranthracene appear as a mass of beautiful bright 
yellow interlaced needles. 

This product was next broken up with a wooden beater in 
tubs containing dilute caustic soda (it must not be ground, 
however), to remove adhering hydrochloric acid. It was 
then separated from the alkaline solution and pressed be 
tween linen cloths in the hydraulic press, when a dark, thick, 
oily product separated out. This consists principally of 
chiorinated phenanthrene, holding in solution a little dichlor- 
anthracene and anthracene, and was called ‘‘ chlorine oils.” 
I shall have occasion to refer to these again presently. 

After pressure, the dichloranthracene was obtained in 
hard yellow crystalline cakes, but not sufficiently pure for 
use. It was again broken, and allowed: to soak in coal-tar 
naphthat for some time, and pressed ; this operation was 
again repeated. The adhering naphtha was then recovered 
by blowing steam through the product. 

The dichloranthracene thus purified was afterwards placed 
on trays, and dried in a drying-room, and was then ready 
| for the next process. It contains about 84 per cent. pure 
| dichloranthracene. 

The chlorine oils, and also the residue left after distilling 
| the naphtha used for washing the dichloranthracene, con- 
tain a certain amount of dichloranthracene and anthracene. 
This separates out to a considerable extent, if the oils be 
| cooled with ice, but the product is then so thick that it can- 
| not be filtered or pressed.t 
Experiments were made on distilling them alone, but 
|owing to the copious evolution of hydrochloric acid, and 
| the frothing of the product, it was not found practicable to 
| treat them in this matter ; but by previously mixing an ex- 


cess of ground lime, and then distilling in iron retorts, a 
considerable amount of solid product came over containing 
about 25 per cent. anthracene, which only required to be 
treated with petroJeum spirit to fit it for use. It is believed 
that the anthracene represents that which had not been 


* This is due to the chlorination of the impurities, the dichlorsnthracene 
being formed afterwards. 


+ Petro eum epirit does not anawer well for this purpose. 
¢ Perhaps a filter press might be used for this purpose successfully. 


| 
| 
| 
| 
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‘ 
; 
> 7 | 
4 


2974 


being decomposed 


chlorinated, the dichloranthracene by 
distillation with lime, 

The next process consists in converting the dichloranthra- 
cene into the sulpho acids of anthraquinone by treating it 
with ordinary concentrated sulphuric acid, and the ease with 
which this is effected was originally one of the advantages 
of the use of dichloranthracene over anthraquinone. 

For this process iron pots were used, as they were found 
to answer nearly as well as glass, and, of course, were more 
manageable. As hydrochloric and sulphurous acids are 
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evolved in quantity in the operation, special arrangements 
had to be made for conducting these away, and condensing | 
them. The kind of apparatus used is shown in Fig. 5. It | 
consists of a row of cast iron pots, a a, capable of holding | 
about 30 gallons, These are cast with half-covers, in which 
there is an opening for the escape of the acid vapors, 
Earthenware pipes, , b, 6, are luted into these openings 
and connected with a large main, ¢, which leads to arrange- 
ments filled with coke, and supplied with water for the con- 
densation of the hydrochloric and sulphurous acids. 


were made with weak liqu 
The further washings were made with boiling water, and 
were drawn into the second receiver. To get all the useful 
product out of the sulphate of lime, it was necessary to re- 
move it after it had been well washed, boil it with water, 
and again pour it into the filter It should always be tested 
before it 1s thrown away. A great number of these filters 
were arranged side by side. 

Vhe strong lime salts of the sulpho acids in the first re- 
ceiver, thus obtained, were concentrated in iron pans heated 
cither over a fire or by steam, until they contain about 15 
per cent. of lime salts. Soda crystals (sodic carbonate) were 
then added in sufficient quantity to precipitate all the lime 
as carbonate, and thus to produce sodic salts of the sulpho 
acids. These were siphoned off from the carbonate of 
lime, and concentrated until they contained about 30 per 
cent, of sodic salts, 

This product, which is technically called ‘soda salt,” 
consists of at least three compounds, by far the principal 
one being the @ disulphanthraquinonate, which yields an- 
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The pots are set in brickwork, and heated by a fire, the 
upper part being also surrounded by brickwork to prevent 
loss of heat, the open part of the pot is covered with a lid, 
d, made of 20-Ib. lead, which can be removed when the y| 
are emptied. In the center of this lid an oblong hole, 
about 6 in, by 8 in., is cut, for the introduction of the di- 
chloranthracene. This is covered by a piece of lead, e. There | 
are also two small round hoies in the lid; one for the in- 
troduction of a thermometer, f, the other as a testing-hole, 
and fitted with a wooden plug, ¢. 

These pots were charged with 350 Ib. of sulphuric acid. | 
This was then heated up to about 140° to 160°, and the} 
dichloranthracene gradually added in small shovelfuls at a | 
time, hydrochloric and sulphurous acid being evolved after | 
pach addition, causing frothing, especially if the dichloran- 
thracene be of a low quality, or damp. The charge used | 
was usually 70 Ib. 

After all the dichloranthracene had been added, the tem- | 
perature was gradually raised until it reached about 260° C., 
and then continued at this until a sample, taken out by a 
glass rod and diluted with water, formed a nearly clear solu- 
tion, devoid of fluorescence. The fire was then drawn, and 
the product left to cool down until the next morning. It 
was then found to be still warm, of a brown color, and the 
consistency of treacle. The lids being lifted off, it was 
ladled into copper pails, and carried away to be neutralized 
with lime. 

In this process the following reactions take place : First, 
disulphodichloranthracenic acid is formed by the union of 
the sulphuric acid with the dichloranthracene ; and, sec- 
ondly, this product is oxidized by the excess of sulphuric 
acid forming disulphanthraquinovic acid. These, however, 
are not the only changes. Anthraquinone is also formed, 
which becomes converted chiefly into monosulphanthraqui- 
nonic acid ; some of it also sublimes, and then condenses 
in the earthenware main, through which the acid vapors 


When fuming sulphuric acid is used in place of the ordi- 
nary, no anthraquinone or mouosulphanthraquinonic acids 
are formed. 

Pure dichloranthracene, when treated with Nordhausen 
sulphuric acid, gives the theoretical yicid of disulphan- 
thraquinonic acid. 

We see, then, that when ordinary sulphuric acid acts upon 
dichloranthracene, we get a mixture of the mono and di- 
sulpho acids of anthraquinone ; the latter, however, pre- 
ponderates. The product also contains a considerable quan- 
tity of free sulphuric acid, which it is necessary to remove; 
this is done by means of slaked lime, with which it forms a 
nearly insoluble sulphate, and at the same time neutralizes 
the sulpho-acids, forming soluble lime salts; we conducted 
this operation in the following manner: 

The crude sulpho acids from the iron pots were diluted in 
a large wooden tank (a, Fig. 6), and boiled by blowing steam 
into it. Slaked lime in a wet state was then added by de- 
grees, with constant stirring, until the product was neu- 
tralized. Wooden tubs, with mechanical stirrers, were 
afterwards substituted for the tanks, but by using Korting’s 
steam jet air injectors, all stirring arrangements may be dis- 
pensed with. } 

The neutral product was then run into the vacuum filters, 
4, to separate the sulphate of lime, the clear filtrate passing 
into the exhausted receivers. The fiiters consisted of large 
shallow wooden tanks, on the bottom of which bricks were 
laid about three inches apart, so as to form channels, and on 
the top of these some more bricks, placed side by side so as 
to form a floor. A layer of about three inches of small 
pebbles was spread upon this, and then about three inches 
of washed sand, This filtering medium was protected by a 
coarse canvas, kept in its place by a wooden framing, c. 

Two iron reservoirs, dd, in which a vacuum could be 
produced by means of an air pump, were connected with 
these filters, and so arranged with stopcocks that the filtrate 
might be passed either into the one or the other. One re- 
ceiver was kept for the first, and, therefore, the strong fil- | 
trate and the first washings of the sulphate of lime. These | 
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thrapurpurin. On standing, the @ disulphanthraquinonate 
separates out with some of the #. The third salt is the sodic 
saltof monosulphanthraquinonic acid ; but, curiously, this 
salt, which, when pure, is difficultly soluble in water, remains 
in solution, There is undoubtedly a small quantity of other 
salts present, some of which are probably derived from sul- 
pho acids of the impurities of the dichloranthracene, but 
are of no interest to the color maker. The three salts just 
mentioned are also formed when anthraquinone is used in- 
stead of dichloranthracene. They are sometimes separated, 
so that the different coloring matters they produce may be 
obtained in a more or less pure state. 

The next operation consists in the conversion of the pro- 
duct just described, and called ‘soda salt,” into coloring 
matter. This, it will be remembered, is effected by heating 
it strongly with caustic alkali. This operation we found 
difficult to perform on the large scale. First of all, it was 
necessary to keep the heating within certain limits. If too 
high a temperature were employed, the product was de- 
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rs from a previous operation. | tried consisted in employing a long chamber, heated with’ 


flues to the requisite temperature, and arranged on the same 
principle as the ovens used for the continuous baking of 
{fancy biscuits. It was hoped that by introducing shallow 
| iron trays, with the mixture of soda salt and alkali in thin 
| layers, and gradually working them forward to the other 
|end of the oven, by the time they had arrived there the 
| decomposition would be complete, and thus a continuous 
might be established. 

| This succeeded in a measure, but the time required to 
| keep the mixture in the oven was too long to make it work 
continuously; moreover, it was found difficult to keep the 
temperature sufficiently uniform, and local overheating at 
hn occurred, destroying the product. 


Another apparatus we tried consisted of a large wrought- 
iron cylinder, which was made to revolve inside a second, 
| but fixed, cylinder of thick cast-iron, sufficiently large to 
| allow of an air space of several inches between it and the 
interior cylinder. This was heated so as to form a hot-air 
chamber, the temperature being carefully regulated and ob- 
served with a thermometer. The axis of the revolving 
cylinder was hollow, and perforated with small holes, so 
that the steam, evolved from the mixture of caustic alkali 
and soda salt with which it was charged, could freely es- 
cape. In this arrangement, the heating was very satisfac- 
tory; but the operation took a considerable time, especially 
if the charge were large. lron cannon balls were afterwards 
introduced, to keep the mass well mixed; but, curiously, 
they did not answer the desired purpose, as they became 
coated to such an extent with the alkaline mixture that, 
when the operation was over, they were found to be three 
or four times as large as when put in. Anthraquinone was 
found to sublime from this apparatus, and in a smaller one, 
which was overheated, anthracene was obtained. 

This apparatus, although a considerable improvement, 
was not perfect, a good deal of sulphoxyanthraquinonic acid 
being often found in the product. However, some consid- 
erable quantity of coloring matter was manufactured in it. 

Experiments were then made in closed iron tubes, with 
the products mixed with water. It was assumed that, if an 
excess of alkali were used, and a sufficiently high tempera- 
ture, the presence of water would not interfere with the 


result. Curiously, this was found not to be true, or only 
a so, and it was found that, if the caustic alkali and 
soda salt were in a considerably diluted condition, very lit- 


tle coloring matter was formed; the mixture, instead of be- 
coming violet, was of a brown, or chocolate color, and con- 
tained, as we now know, chiefly intermediate products, such 
as isoanthraflavic acid. On using less water, however, so that 
the mixture would contain about 25 per cent., or more, of 
caustic alkali, coloring matter was readily formed. 

After experimenting for some time in closed iron tubes, 
capable of holding ten or fifteen gallons, some larger appa- 
ratus was set up. As it was necessary that this should bear 
a very considerable pressure, we selected sections of How- 
ard’s patent safety boilers, which were made of 10-inch 
drawn iron tubes, as shown in Fig. Tat a. At the end of 
the horizontal tube of this arrangement, there is a hole, 
about four inches in diameter, fitted with a cap, fastened on 
with screws and made tight with a vulcanized washer. This 
hole was used for cleaning out the apparatus. At the other 
end there is a smaller hole, into which a pipe was screwed, 
and connected with the necessary stop valves, and pipes as 
seen at b, where the apparatus is shown in a complete state. 
It was charged and discharged through this aperture. At 
the top it is provided with a pressure gauge, safety valve, 
and steam cock. 

To heat these ‘‘ pressure tubes,” as they were technically 
termed, we employed a hot-air chamber, in which flues 
passed underneath and at the sides. A thermometer was 
suspended through a hole in this chamber, and in case of 


the temperature rising too high, iron doors in the side were 
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stroyed, if too low, the coloring matter was not formed; or 
only partially, and, consequently, a small yield resulted. 

In the laboratory, the experiments on this subject were 
performed in an air bath, the products being heated in me- 
tallic dishes, a mixture of ‘soda salt” in a dry state with a 
saturated solution of the alkali being taken, caustic potash, 
caustic soda, and mixtures of these alkalies being used, and 
it was considered that caustic potash gave, on the small 
scale, the best yield of coloring matter. 

A mixture of caustic alkali and “ soda salt,’’ when heated 
to about 180° C., soon changes in color; becoming blue, 
violet, and then appearing as a black mass. As the water 
evaporates, it also becomes pasty. On testing this, it is 
found to have decomposed so far as to form sulphoxyanthra- 
quinonic acid. To complete the reaction, the treating has 


| to be continued for a considerable time. 


To carry this process out, very many experiments were 
made, and often with only partial success. One we 


provided, which could be opened so as to quickly admit 
cold air, as seen at ¢. 

he pressure tubes were charged by gravitation from the 
floor above, and when the operation was completed, their 
contents were forced up, by the pressure of steam in them, 
into iron tanks on the top floor of the building, so that all 
succeeding operations could be performed by gravitation. 
This will be hc tter understood by referring to the figure. d@ 
is an iron pan with a steam jacket, and connected with the 
pressure tubes by the pipe, e. A wooden plug was inserted 
into the mouth of this, and the required amount of caustic 
soda, 70 per cent. quality, dissolved; 700 Ib. weight was 
usually employed. 1,300 Ib. of a concentrated solution 
of the soda salt was then added, and well mixed. On 
opening the valves between this pan and the pressure tubes, 
and the steam cock on the top of them, and then withdraw- 
ing the wooden plug, the charge ran quickly in. A little 
water or caustic was afterwards run in from the 
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pont and the chamber heated. The temperature was 
kept up at about 180° C., for twenty-four hours. A small 
cock was provided, from which samples could be drawn, 
and the progress of the operation watched. When finished, 
the fire was drawn, and the valves in the pipe, /, leading to 
the iron tanks, g, on the top floor of the building, cautiously 
opened. The contents of the pressure tubes then rushed up 
with great force into these tanks; these funnels were 
fitted to conduct the steam through the roof. 

The product thus obtained is an intense purple fluid, be- 
coming thick on cooling. It consists chiefly of coloring 
matter, in combination with soda, of sodic sulphite, and a 
large quantity of caustic soda. To separate the coloring 
matter from this purple solution, it is first diluted, and then 
acidified. 

We performed this operation in large wooden tanks, lined 
with lead, and called ‘‘ precipitating tanks,” lettered 4h ; 
these were provided with steam pipes; three cocks were also 
inserted into the front sides of them. A quantity of sul- 
phuric acid being first diluted in these tanks, the purple so- 
lution, when gradually run in, becomes orange in color, 
owing to the separation of the artificial alizarin as a yellow 
precipitate ; it also froths up, from the evolution of sul- 
phurous acid, which was carried into the atmosphere by 
means of the wooden funnels, ¢. If too little acid had been 
put into the tank, some more was afterwards added. 

When the operation is thus far completed, the steam should 
be turned on, and the product in the tanks well boiled for 
about an hour, the object being to make the coloring matter 
more granular than it is when freshly precipitated, so that 
the next operation may be facilitated. 

After being allowed to cool and settle during the night, 
the yellow supernatant liquor* can be run off from one of 
the side cocks. For these liquors we provided large tanks 
on the ground floor, shown at j ; some water was then run 
into the precipitating tanks, and then their contents were 
allowed to flow out on to the filters, &, on the first floor. 

These *‘ color filters,” as they were termed, were fitted up 
in a similar manner to those employed in filtering the lime 
salt of the sulpho acids of anthraquinone, and were also 
provided with an exhausted receiver, so that the coloring 
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matter could be washed rapidly. As the first drainings al- 
ways passed quickly through the filters, they were run into 
the tanks on the ground floor. 

The object of these tanks was that any coloring matter 
which might have run away mechanically, or separated out 
on the further cooling of the liquors, would be saved. 
These tanks were emptied, when necessary, to within about 
a foot of the bottom, the coloring matter being removed 
from time to time, when sufficient had accumulated to make 
it worth the trouble. But to return to the coloring matters 
on the filters. To fit it for the market, it must be repeated- 
ly washed until nearly perfectly free from saline matter, and 
neutral to test paper. It is then allowed to drain for some 
time and afterwards removed to the stock tub. 

As we collected the artificial alizarin from the filters, we 
used to transfer it to a truck, /, capable of holding several 
hundredweight of this product, and running on rails. It 
was weighed before being filled, and again afterwards. It 
was then wheeled over the large stock tub, m, capable of 
holding several tons, and emptied into it by withdrawing a 
plug. It was then again re-weighed, filled, weighed, and 
emptied, and this process continued until the stock tub was 
sufficiently full. The sum of the weight of the coloring 
matter from the truck gave the amount stocked. 

The coloring matter then requires to be thoroughly mixed, 
either by hand or other agitators, and, when perfectly homo- 
geneous, a sample is taken out and tested. As the artificial 
alizarin is always put into the stock tubs in a concentrated 
state, when its strength is known, water is added, to reduce 
it tothe proper standard. As a precaution it is then re- 
examined, and if found of the proper strength, is drawn off 
into casks and sent to the consumer. There are always 
several stock tubs, the number greatly increasing where 
many shades of artificial alizarin are produced. 

Instead of the ‘‘color filters,” for washing and draining 
the coloring matter above described, filter presses are now 
very frequently employed, as they act much quicker. In 
these the artificial alizarin can be concentrated until it con- 
tains thirty or forty per cent. of dry coloring matter; but 


* Herr Glaser has separated from these an acid which has been ex- 
amined by Graebe and found to consist of a sulpho acid of alizarin. 
Deut. Chem. Ges. Ber., 1879, p. 571. 


strengths for the dyer. 
may be determined by evaporating a weighed quantity in a 
dish, and, when dry again, weighing. As it usually con- 
tains a little inorganic matter, the ash should be determined 
and weighed, but the more reliable method is to dye pieces 
of mordanted cloth, as in madder testing. 

It will now be necessary to go back again a little, to the 
formation of the coloring matter from the soda salt. 
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The value of the coloring matter | preparation 


of sodic monosulphanthraquinonate will be de- 
| scribed further on, 

The temperature used is about 170° to 180°, some manu- 
| facturers using somewhat lower and others higher tempera. 
|tures. When the charge contains chiefly sodic disulpban- 
| thraquinonate; the operation is carried on for several days 
and nights, not unfrequently a week; but, if it contains 
| sodic monosulphanthraquinonate, two to three days will be 


I have mentioned the various changes through which the | found sufficient. 
monosulpho and disulpho compounds of anthraquinone go | I have often noticed, on heating a mixture of the mono 
when being converted into coloring matter In the case of | and disulph compounds with caustic alkali, that, by stop- 
monosulphanthraquinone it will be remembered that mon- | ping the action early, only alizarin is produced, the decom- 
oxyanthraquinone is first produced; and, in the case of the | position of the disulpho acid, and consequent formation of 
disulpho acids, anthraflavic and isoanthraflavic acids are | anthrapurpurin, requiring considerably more time. 
produced before the coloring matters. | The products formed in these boilers are treated just in 
As I have already shown, these substances, when con- | the same way as those from the pressure tubes previousl 
verted into coloring matter, by heating with caustic alkali, | described, ¢.e., they are blown into iron tanks, diluted, acidi- 
cause nascent hydrogen to form, which reacts upon other | fied, and the precipitated colored matter well washed. 
portions of them, reducing them to anthraquinone and hy- I wish now to draw your attention to the first process we 
droanthraquinone. The presence of this latter substance in used for the preparation of artificial alizarin, viz., the pro- 
the purple alkaline product from the pressure tubes is easily | cess in which anthraquinone is employed. The anthracene 
seen by exposing some of it to the air, when a film of anthra- | we first used for this purpose was obtained from pitch, We 
quinone will rapidly form. | then employed that from the tar distillers. In our earlier 
As I mentioned before, this formation of anthraquinone and | operations it was purified simply by treatment with naphtha 
hydroanthraquinone represents loss of valuable products, | and subsequent distillation, but afterwards by distillation 
and which should have been converted into coloring matter, | with potash. 
and it was, therefore, an important problem to solve asto | The purified anthracene was ground very thoroughly with 
whether it could be avoided. Success attended the experi- | water under-edge runners. It was then placed in a lead- 
ments in this direction, and all that was found necessary was | lined tank, with twice its weight of powdered potassic 
to introduce a quantity of potassic chlorate, containing | bichromate dissolved in water. About three parts of sul- 
enough oxygen to unite with the nascent hydrogen. The | phuric acid, previously diluted, were then added. After 
sodic monosulphanthraquinonate theoretically requires | well stirring, a very energetic reaction set in, the mixture 
13°2 per cent; the sodic disulphanthraquinonates, 10 per! boiling up to near the top of the tank, When this had 
cent. In practice, three or four per cent. more is usually | been moderated, steam was turned on, and the mixture well 
employed, but any large excess must be avoided. This im- | boiled for an hour or two, The yellow granular crude an- 
provement was discovered by J. J. Koch.* | thraquinone was then separated from the chrome alum solu- 
By employing chlorate of potash in this operation, the | tion, well washed, and after it had drained, though still wet, 
yield of coloring matter is very materially increased, as | was purified by sublimation. At first we used two iron 
would be expected from the foregoing experiments. From | retorts, with openings at the top, and connected with a 
experiments I have made, it is doubtful whether it acts | wide bent iron tube for this purpose, the one acting as a 
upon the sodic sulphite at all. The conversion of monoxy- | sublimer, the other as a receiver. Afterwards we employed 


anthraquinone, isoanthraflavic, acid, and anthraflavic acid, | retorts, with an outlet from the end connected with a large 
sheet-iron cylinder, having one end closed with canvas only. 

The wet crude anthraquinone, when heated, gave off a 
considerable amount of steam; this helped to carry the 
vapor of the anthraquinone forward, which condensed as 
an impalpable powder. As the sublimation proceeded, and 
less steam was given off, small crystals of anthraquinone 
deposited. On opening the retorts after the operation, 
magnificent hard yellow crystals were often found sus- 
pended from the roofs of them. 

The sublimed anthraquinone was then dried, and finally 
purified by crystallization from high-boiling coal-tar naph- 
tha. The crystallized product was collected on canvas bags, 
drained, washed with a little clean naphtha, pressed, and 
then dried. 

The amount of pure anthraquinone we obtained from 
pitch and anthracene was, speaking from memory, about 
twenty to twenty-five percent. The yield from ordina 
anthracene from the tar distillers, was, of course, muc 
greater. The use of potash in the distillation of anthra- 
cene we did not adopt until after we had ceased using the 
anthracene from pitch, otherwise better results would have 
been obtained with this product. 

Since these early operations were made, a great deal of 
attention has been and is still being given to the prepara- 
tion of anthraquinone. A number of experiments were 
made in my laboratory on the use of peroxide of manganese 
as the oxidizing agent, but I never succeeded in obtaining 
such a satisfactory yield as when potassic bichromate was 
employed. Anthraquinone is now usually prepared in the 
following manner: The crude anthracene is first washed 
with coal-tar naphtha. In employing this as the purifying 
agent, it is used cold, and well agitated with the anthracene 
until every particle has been brought in contact with it. If 
the crude anthracene contains twenty or thirty per cent. of 
pure anthracene, it is treated with its own weight of 
naphtha, 

he naphtha is then well drained off from the anthracene, 
which is afterwards pressed as dry as possible by means of 
a hydraulic press. If the quality is lower than twenty per 
cent., it is first treated with about one-fourth its weight of 
naphtha, and afterwards as if of a quality over twenty or 
thirty per cent. The adhering naphtha, which is general] 
about one-tenth the weight of the pressed anthracene, is 
then removed by steaming, and thus recovered, or it is al- 
lowed to evaporate away. 

The naphtha which has been used is purified by distilla- 
tion, and thus rendered fit for a fresh operation. An ar- 
rangement of apparatus, such as that described for treating 


SALT CONVERTER. 


or their sodic derivation, into coloring matter, may by this 
modification be represented thus : 


Sodic monoxyanthraquinonate. 


. ONa)} anthracene with petroleum spirit, answers equally when 
ONa naphtha is used, omitting the cooling tanks. 
ee stirring machines are now preferred to the vertical ones, as, 

Sodic alizarate. in the the anthracene 
ONa move round together with the stirrer, and therefore do not 

0:+Na0H+0= get well mixed. This, however, can be avoided by fixing 
\icpenmasinigemiammngensill a few blades to the sides of the machine. 

Sodic isoanthraflavate or The anthracene, after treatment with naphtha, should 
ant vate. contain about fifty per cent. of pure anthracene. It is not 


ONa 


( } distilled in the same manner as for the preparation of di- 
aa 


chlorantbracene, but is heated in a retort, or more generally 
in a semicircular iron pot. The lid of this is furnished 
with a safety-valve, and also a steam pipe. The receiver 
‘consists of a tank, the top of which is sometimes made of 
_canvas; a perforated tube passes round this tank near the 
It is also now found to be an advantage to use less water | top, which is supplied with water, and produces a gentle 
and more caustic soda. As this makes a very thick mixture, spray, which facilitates the condensation of the anthracene. 
the pressure tubes previously described are not suitable for hen working this arrangement, a known weight of an- 
the operation, and instead of them very strong double rivet- | thracene is introduced into the iron pot, which may be 
ed boilers are used, about eleven or twelve feet long and | called a subliming pot, and is heated until it is quite fluid. 
four feet six wide. These are fitted with a stirrer, which is | Steam is then blown in; this carries the anthracene vapor 
kept moving during the operation. A view of one of these forward with it into the receiver, when both are condensed 
boilers is seen in Fig. 7, n. These are fitted up practically by the spray of coid water. 
in the same manner as the pressure tubes. They are, how-| The condensed anthracene is found in a wet and extreme- 
ever, charged through the top manhole, 0. The mixture |ly finely divided state, very suitable for oxidation. Its 
with which they are charged is about as follows, the amount, | weight is known from the amount of washed anthracene 
of course, being in proportion to the size of the boiler. |used in the operation. Other methods of condensing the 
A quantity of the soda salt previously described, and rep- | anthracene and steam are used, but the above, I believe, is 
resenting 100 parts of dry salt, ismixed with about 400 parts the most common. Obtaining the anthracene in this finely 
of caustic soda, dissolved in as little water as possible, and | divided state is a great improvement upon the old process of 
15 parts of potassic chlorate. The mixture is best made in grinding it. 
the boiler, the stirrer being kept moving all the time, toren-| The oxidation of this anthracene is performed much more 
der it homogeneous. | slowly than it was at first, the solution of potassic bichro- 
If sodic monosulphanthraquinonate be used instead of the | mate and sulphuric acid being kept more diluted. In this 
above soda salt, a little more potassic chlorate may be used, | way the amount of oxidizing agent. required is smaller, less 
and somewhat less caustic soda, as a smaller amount of the | being expended on the useless impurities. 
latter substance is used up in the chemical reaction. The| In carrying out this operation in its present form the po- 
a tassic bichromate is first dissolved in water, and the wet 
anthracene well mixed with it. The requisite quantity of 


Sodic anthrapurpurate or 
flavopurpurate. 


* Moniteur Scientifique, April, 1879, p. 419. 
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this is not necessary, as it is usually sent into the market a 
with about ten or eleven per cent., these being convenient | er 
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! 
sulphuric acid, previously diluted with water, is then added 
by degrees, and the mixture kept gently boiling for ten or 
twelve hours, A Korting’s air injector should be used with 
the steam, to keep up the agitation of the mixture. The 
oxidized anthracene, which has the appearance of a yellow 
powder, is then collected in vom 5 bags, thoroughly 
washed, pressed, and dried. 

The amount of potassic bichromate used is regulated prin- 
cipally by the proportion of pure anthracene contained in 
the product to be oxidized, Pure anthracene requires about 
1°66 times its weight of potassic bichromate to convert it 
into anthraquinone. The amount used by different manu- 
facturers varies, some employing a little under two parts, 
others more; but no fixed quantity can be given, as the 
amount required evidently must differ with the kind of im- 
purities contained in different parcels of anthracene, some 
of these oxidizing more freely than others. It is remarkable 
that so little answers the purpose, and shows that the anthra- 
cene takes up the oxygen more greedily than the impurities. 
Too much oxidizing agent is injurious, 

The anthraquinone is still very crude, and needs purifica- 
tion. The method that has been most generally adopted 
consists in treating it with concentrated sulphuric acid. 
This dissolves the anthraquinone, but does not act upon it. 
The impurities, however, become soluble in water, being 
converted in sulpho acids, ete., so that after treating the 
crude anthraquinone in this manner and then mixing the 
product with water, nearly pure anthraquinone is alone pre- 
cipitated, This method of subliming anthracene, oxidizing 
it and purifying it with sulphuric acid, was first proposed, 
believe, by H. Caro. The process is carried out as follows: 
The crude anthraquinone is placed in large iron semicircular 
cast-iron pots, capable of holding a ton or more of the pro- 
duct. These are furnished with a steam jacket and a strong 
stirrer also of cast-iron, and worked by machinery, the 
blades being arranged so as to work the mixture constantly 
upwards. These pots are charged with crude anthraqui 
none and sulphuric acid, in the proportion of one of the 
former to three or four of the latter; the steam is turned on 
to the jacket, and the mixture heated with continuous stir- 
ring for about twenty-four hours. The product is then run 
into shallow leaden trays and exposed to the air, or the trays 
are arranged in a proper chamber, the at per germ of which 
is kept moist by steam. In this way the acid becomes very 
gradually diluted, causing the anthraquinone to crystallize 
out. Ina proper chamber this occupies about two days. 
The crystalline product is boiled with water and then 
washed by decantation, any anthraquinone found in the 
liquors being afterwards collected. ‘he anthraquinone is 
then pressed and dried, and is usually so pure as to contain 
over 95 per cent of anthraquinone, 

Instead of placing it on trays and allowing it to crystallize 
by the absorption of moisture by the sulphuric acid, some 
manufacturers pour it at once into water, boil the resulting 
mixture, and wash it in filter presses. 

During the last year or two a modification of our original 
process has been coming irto use; I mean the process of 
sublimation. The modification principally consists in assist- 
ing the process by passing superheated steam through the 
subliming retort, and this is important. 

Although anthraquinone is such a remarkably stable body, 
we often noticed that a good deal of loss occurred in our 
subliming operations, apparently from reduction, and especi- 
ally if the charges were large, because they then required a 
high temperature continued for a long time, the residues 
being bad conductors of heat. This reduction is probably 
caused by the steam, and anthraquinone coming in contact 
with the iron of the retort. ‘To avoid this loss, it is evident 
that the temperature should not be higher than absolutely 
necessary, and the charge should also be spread out in thin 
layers, so as to be quickly volatilized. The anthraquinone 
vapor and steam may be condensed in a similar manner to 
anthracene. The sublimed anthraquinone, which is pressed 
and dried, has to be still further purified. It will be remem- 
bered that we used coal tar naphtha for the purpose, but 
the sulphuric acid process above described, I believe, is now 
always employed. 

The large amount of chrome alum liquors produced in 
the manufacture of anthraquinone has always been a source 
of trouble to manufacturers, their dark green color and acid 
character making them objectionable in the drains, and 
chrome alum being of itself of very limited consumption. 
Processes, however, have been now devised for working 
this up again into a chromate. 

There is, however, another residue which, so far as I am | 
aware, has not been turned to account, and that is the acid 
liquors from the purification of anthraquinone, consisting of 
sulphuric acid, sulpho acids, ete., and it is difficult to see to | 
what use they can be tnrned, especially as such enormous 
quantities are produced, probably over 3,000 tons of sul- 
phuric acid being used in this process yearly. If the origi- 
nal process of crystallizing the sublimed anthraquinone from 
naphtha were adopted, this difficulty would not exist. 

In converting the anthraquinone into the sulpho acids we 
at first used Nordhausen sulphuric acid, and heated the mix- 
ture in glass retorts such as are used in the concentration of 
sulphuric acid, but owing to the fragility of these vessels 
we were induced to try cast-iron pots. These we found to 
answer very well, though not quite so well as glass. 

On account of the expense and difficulty in getting Nord- 
hausen sulphuric acid imported into this country—few 
vessels liking it as a cargo—we commenced working with 
ordinary sulphuric acid. We usually employed four or five 
parts of this to every one part of anthraquinone, and heated 
the mixture up to 270°-280" C. ‘The anthracene as it sub- 
limed from the operation was put back into the acid. The 
sulpho acids produced in this way were treated with lime, 
etc., just as those obtained from dichloranthracene, and 
already described. 

I find we employed this process principally in our works 
until the middle of June, 1870. We then began to work on 
a larger scale than we had hitherto done with dichloranthra- 
cene, and carried both processes on for a time; but finding 
the latter the most economical, partially on account of the 
ease with which it yielded the sulpho acids with ordinary 
sulphuric acid, we employed it almost exclusively after a 
time, although frequently making coloring matter by the 
other method. 

As already mentioned, in the early experiments made with 
anthraquinone it was noticed that by reducing the amount 
of sulphuric acid with which it was heated and keeping the 
temperature as low as practicable, the coloring matter 
produced with the resulting sulpho acids gave purples on 
mordanted cloth more closely resembling those eed ns with 
madder than when a large excess of sulphuric acid had been 
employed. The cause of this was not understood for some 
time, until it was eventually found out that a monosulpho 
acid was required to produce alizarin. I believe this was 
first discovered by Messrs. Meister, Lucius, and Brining, | 
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as they were the earliest to send practically pure alizarin into 
the market. 

The production of the monosulpho acid of anthraquinone | 
as the chief product, by means of ordinary sulphuric acid, 
is difficult. I have generally thought it best to work with 
an excess of anthraquinone, to use a high temperature and | 
only small operations, so that they may be quickly finished. | 
When using ordinary sulphuric acid every facility should 
be given for the escape of aqueous vapor which forms, so as | 
to keep the acid as concentrated as possible. At tempera- 
tures over 260° C. sulphuric acid commences to oxidize 
anthraquinone, carbonic anhydride being slowly formed, so 
that high temperature should not be long continued. 

The large quantity of ordinary sulphuric acid which had | 
to be employed to convert anthraquinone into the sulpho 
acids, and the high temperature which had to be used, caus- 
ing a certain amount of destruction to take place, evidently 
showed that it was desirable to employ fuming sulphuric 
acid in this process. In this country we found it costly, 
but as it was more readily procurable in Germany, the 
manufacturers there used it. They were afterwards sup- 
plied with a very strong fuming acid from Bohemia, con- 
taining about forty per cent. of sulphuric anhydride. This 
was prepared, I believe, by —— sulphuric anhy- 
dride from one portion of ordinary Nordhausen sulphuric 
acid into another. This very strong acid was found to be 
without action upon ordinary tinned iron, and it is now 
actually stored in vessels made of that material. 

Within the last few years a very elegant process* has been 
devised by Dr. Messel and Mr. Squire for the production of 
sulphuric anhydride and fuming sulphuric acid. Sulphuric 
acid when strongly heated dissociates into steam, sulphurous 
anhydride, and oxygen, thus : 


This decomposition is taken advantage of to give supply 
of sulphurous anhydride and oxygen in the proportions 
required, the water being condensed and thoroughly re- 
moved by passing the gases through sulphuric acid. 

The mixed gases are afterwards combined by passing 
them over heated platinized asbestos, and thus form sulphu- 


ric anhydride: 
80,+0=S0,. 


The py anhydride is then condensed, either alone | 
or in ordinary sulphuric acid. It is remarkable that acid | 
containing 60 to 70 per cent. of anhydride is liquid, even 
below 0° C.; acid containing 40 to 50 per cent. is solid, and 
acid containing 20 to 30 per cent., liquid. By this means 
fuming acid can be produced in any quantity and of any 
strength, that usually employed in the manufacture of alli- 
zarin containing 40 or 50 per cent. of anhydride. We thus 
see that the demand for this acid in the production of arti- 
ficial alizarin has created a new industry. 

On treating anthraquinone with fuming sulphuric acid, 
iron pots somewhat similar to those described for the con- 
version of dichloranthracene into sulpho acids are used, but 
as but little acid vapors escape, very little provision need be 
made for condensing them, In fact, if the anthraquinone 
be pure, there is no reason why they should not be entirely 
closed, though of course it would be desirable to have a 
safety valve or some similar sort of arrangement. 

The sizes of the iron pots used for treating anthraquinone 
with fuming sulphuric acid vary, but usually hold from 30 
to 40 gallons. hey should be fitted with stirrers, especi- 
ally when required for the preparation of the monosulphan- 
thraquinonic acid, and heated by means of an oil bath. The 
fuming acid, after being sufficiently heated to render it fluid, 
is emptied into these pots by means of a siphon, or by 
piercing the tins, after having placed them over the pots by 
passing an iron bar right through the top and then through 
the bottom; the upper hole thus made serves as an inlet for 
the air, and allows the acid to flow freely through the hole 
in the bottom of the tin. 

When the monosulphanthraquinonic acid is required, a 
mixture of about one part of fuming acid, containing 40 to 
50 per cent. of anhydride, is very thoroughly mixed with 
from one to one and a quarter parts of anthraquinone. The 
mixture is then gradually heated up to about 170°, or even 
to 190°, and kept at this temperature for eight or ten hours, 
the stirrer being kept constantly in motion. The product 
thus formed consists chiefly of monosulphanthraquinonic 
acid, together with a little of the disulpho acid and un- 
changed anthraquinone. It is then removed from the pots 
whilst rather hot, and diluted with water. The anthraqui- 
none is then separated by passing this solution through a 
filter press or other convenient arrangement. 

The monosulpho acid is easily separated from the disulpho 
acid by converting it into its soda salt, which is difficultly 
soluble in water, this solvent dissolving only about five per 
cent. at the ordinary temperature. The filtrate is therefore 
nearly neutralized with caustic soda. This causes it to 
become a thick crystalline mass, which is then thoroughly 
pressed from the mother liquors; if required still purer, it 
can be recrystallized or purified by mixing it with about 15 
or 20 per cent. of sulphuric acid, diluting with a little water, 
and again pressing and washing with water. This salt forms 
beautiful small brilliant white pearly scales. 

When pure, sodic monosulphanthraquinonate gives, on 
heating with caustic soda and chlorate of potash, practically 
pure alizarin. This operation I have already remarked | 
upon, 

To make the disulpho acid from anthraquinone an excess | 
of fuming sulphuric acid is used, about twice as much, or 
rather more, than in the preparation of the monosulpho | 
acid; the temperature is also raised (as combination of the | 
products takes place) considerably higher; it may be allowed 
to rise, if a — red shade of color is to be made, as high as | 
3 , but should not be taken much higher for any length 
of time. 

The product thus obtained is perfectly soluble in water, and | 
when sufficiently cool should be removed from the pots and | 
diluted. It may then be treated with lime, as when dichlor- | 
anthracene has been used, or as some prefer, neutralized at 
once with caustic soda. It will then, of course, be mixed | 
with a considerable quantity of sodic sulphate, and so far | 
as my experience goes, I have always found that the purer | 
the soda salt the better it worked when treated with caustic | 
soda to convert it into coloring matter. | 

Dichloranthracene, if treated with about twice its weight 
of fuming acid containing 25 per cent. of anhydride, instead | 
of with five times its weight of ordinary acid, works very | 
well and undoubtedly could be used at once by neutralizing | 
with caustic soda. 


disulpho acids, prepared from anthraquinone, does not yield 
such pure shades of color on mordants as that made with 
the disulpho acids prepared from dichloranthracene. The 
latter coloring matter gives the calico printer more delicate 
»ink and red shades, and is therefore also much liked by 

urkey red dyers; and notwithstanding it is sent into the 
market in a weaker form than the corresponding anthraqui- 
none coloring matter, still it demands a higher price. Tak- 
ing both circumstances together the price it fetches is about 
twenty-five per cent. more than the coloring matter pro- 
duced with anthraquinone. 

The process with dichloranthracene has also the great 
advantage of always giving an artificial alizarin producing 
uniform shades of color, according as ordinary or fuming 
sulphuric acid is used, whereas with anthraquinone it is im- 
possible to tell with certainty the exact tint the product you 
are making will give. 

Curiously, continental manufacturers do not appear to have 
been as yet successful in manufacturing artificial alizarin 
from dichloranthracene in quartity, and what little they have 
produced in this way does not seem to have been equal in 
quality to that produced in this country. 

The dichloranthracene and anthraquinone processes I 
have described are the only ones employed for the produc- 
tion of artificial alizarin. The method of converting anthra- 
cene into sulpho acids and then oxidizing them so as to form 
sulpho acids of anthraquinone, although apparently very 
simple, does not work satisfactorily, the yield of coloring 
matter being small. The only process I have found to 
approach those in use is that patented by Meister, Lucius, 
and Briining, in which mononitroanthraquinone is used. 
By this process the only coloring matter dyeing mordants 
produced is alizarin, and from experiments I made I found 


| the yield of coloring matter to be on the whole satisfactory. 
| It is, however, obtained in a brown and impure condition: 


When commencing to supply dyers and printers with 
artificial alizarin, we knew that we had to compete with 
madder. And although the new product possessed certain 
advantages, yet we felt it was useless to ask prices relatively 
much higher than those of that product, and from the first 
we endeavored to act upon this principle.* 

At first, nearly all the artificial alizarin we made was con- 
sumed by the Turkey red dyers of Glasgow and Manchester. 
The color at this time contained large quantities of anthra- 
purpurin, and therefore produced a more scarlet shade than 
madder or garancine, and for some time it was used along 
with garancine, as by this means shades of color were pro- 
duced which were far more brilliant than when garancine 
alone was employed, but at the same time not too scarlet 
to be disliked by the Turkey red dyers. Of course the use 
of garancine with artificial alizarin has now ceased, and 
much better results are obtained by employing a mixture of 
the red shade and biue shade. 

Unfortunately the market is now supplied, not only with 
the red or anthrapurpurin shade, and blue or pure alizarin 
shade, but mixtures of these in various proportions, so that 
there are more than a dozen shades in the market, and thus 
much of the manufacturer's time is occupied with preparing 
these; moreover, he is forced to keep a considerable stock 
of color on hand. 

It would appear that on the Continent great difficulties 


| were experienced in the use of artificial alizarin for Turkey 


red dyeing,+ whereas in this country it was employed for 
this purpose from the very first, and no difficulties worth 
mentioning were experienced, the chief modification being, 
I believe, the use of soap only in the ciearing process, in- 
stead of soap and an alkaline carbonate. Several modifica- 
tions, however, have since been made in oiling and mordant- 
ing the goods, which have rendered the process more simple; 
and the coloring matter being a purer product than madder 
or garancine, the clearing operations can be performed with 
greater facility. 

In dyeing ordinary printed goods the process can be con- 
ducted much more rapidly than when madder is used, as no 
loss of coloring matter is experienced by using a high tem- 
perature at once, as I showed you was the case with madder; 
however, I believe when good pink and red shades are to be 
dyed, dyers do not usually allow their dye bath to rise much 
above 80-85° C. 

The use of a product called “oleine,” prepared by treat- 
ing castor and other oils with sulphuric acid, has been found 
of great service, as it increases the brilliancy of the shades, 
especially the red or scarlet ones. 

A good deal of artificial alizarin is used for topical print- 
ing. To fit it for this purpose it is mixed with a few per 
cent. of its weight of acetate of lime, and by dyeing patterns 
with light shades, say with pure alizarin, and then printing 


/on dark shades with anthrapurpurin, very beautiful results 


can be obtained. 

The use of artificial alizarin in place of madder or garan- 
cine, has a very important influence in the pollution of our 
rivers, as when this is used the water from the dye baths is 
nearly pure, whereas when madder and garancine are em- 
ployed it is full of ground woody matter, and I think I shall 
be making a very low estimate if I say that over 10,000 tons 
of this was annually passed into our rivers before the intro- 
duction of artificial alizarin. Surely this is a great advan- 
tage in itself. 

Now that the production of artificial alizarin is equal to 
the demand, it is interesting to find that the supply of raw 
material, anthracene, has been quite adequate, so that all 
the fears that were entertained on this subject have proved 
groundless; and it is also well to remember that up to the 
present time, the anthracene coutained in pitch has not been 
extracted to any large extent, so that much more anthracene 
could yet be produced if required. 

The tars from different gas works yield very different 
qualities and quantities of anthracene; this is to a great 
extent due to the kind of coal employed, and the tempera- 
tures to which the retorts are heated in the gas works. To 
take two extreme cases. Newcastle coal yields a tar which 
is very suitable for the preparation of anthracene, whereas 
cannel coal gives a tar containing but little anthracene anda 
great deal of paraffin. Now at some gas works cannel coal is 
principally used, as in Scotland. At others some is often 
mixed with Newcastle or other variety of coal, to increase 
the illuminating power of the gas; this is done frequently 
in cold weather. Thus tars of all sorts of qualities are 
formed, and consequently the kind and quantity of impur- 
ities in the anthracene prepared from them differ. 

Further complications also arise in the tar works accord- 
ing to the way the distillation of the tar is conducted. If it 
is carried only so far as to leave a soft pitch in the still, it 

oes not contain so many varieties of impurities as when the 


It is remarkable that the artificial alizarin produced from distillation is carried on until hard pitch is produced, or the 


* Patented 18th : eptember, 1875, and now manufactured largely in this 
country by Chapman, Messel & Co, Prof. C. Winkler a short time after- | 
wards also showed that fuming acid could be made in this manner.— Din- | 
gler, Polyt. Journ., ccxviii, 128-189. 


Scientifique (April, 1879, p. 420), for 


* The prices oa in the Moniteur 
the years 1870-1873, are very much higher than those ever obtained in this 
country. 


* Moniteur Scientifique, April, 1879, p. 417. 
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pitch coked. Crude anthracene is therefore found to be not 
altogether of value according to the percentage of anthracene 
it contains, but to a considerabie extent upon the nature of 
the impurities associated with it. Thus, anthracene ob- 
tained from pitch is scarcely a salable article to those who 
purify their anthracene by washing it with naphtha, and then 
by sublimation. 

It would be very interesting to see if it would not be 
worth while distilling coal near the pit’s mouth for the pur- 
pose of manufacturing benzol, anthracene, and other useful 
products, selecting the most suitable qualities of coal and 
employing temperatures which experiment proved to be the | 


most suitable. 


ized as fuel. Should the supply of coal tar from any} 


beautiful manner in nearly colorless plates with a blue fluo- 
rescence, one or two crystallizations rendering it perfectly 
pure. And this brings me to the subject of the use of pure 
anthracene in the manufacture of alizarin. 

Generally speaking, as a manufacture advances, so the 
quality of the materials used are improved, and I quite think 
that the need of anthracene in a pure or purer condition than 
it is now employed in, will be found to be very desirable in 
the production of artificial alizarin. Just before I left off 
manufacturing this product, at the end of 1873, I was en- 


ged upon experiments in this direction, for the purpose of | 


improving the method of preparing dichloranthracene, so as 


their formation altogether. 


when first published, but in the following year, when the 
figures for 1876 were given for comparison with those of 
1877 and 1878, the returns were stated as only 6,436 cwt. 
The erroneous entries were most probably made to evade 
the penalties for the infringement of patent rights.* 

Dutch ground madder has been relatively much higher in 
price than the other qualities. This is owing to its extensive 
use in wool dyeing. For various reasons artificial alizarin 
has made but little progress in its application to wool dye- 
ing, and Dutch madder being mostly used for this purpose 
its prices have been maintained at from 28s. for ordinary 
**Ombro” to about 40s. or 45s. for crop madder. The wool 


The gas and coke, of course, could be util- | to reduce the amount of chlorine oils formed, or to avoid have, however, been working cautiously with artificial 
As chlorine forms, with pure | ali 


zarin, and now some of them are using it somewhat 


circumstance become insufficient, as, for example, by gas | anthracene, the theoretical amount of pure dichloranthra- | largely, and considering its cheapness as compared with 
being superseded by the electric or any other source of | cene, it is evident that if some convenient method were Dutch madder, no doubt they will soon find how to use it 


light, this undoubtedly would have to be done, and it would | 
be a great advantage to get products of a uniform quality. | 


adopted to allow these bodies to freely react upon each other, 
pure dichloranthracene could be produced very cheaply, 


successfully and cease to employ madder. 
The decline in the sale of madder is still rapidly going on. 


It will, perhaps, be of interest here to record the prices | as there would be no loss and no purification needed. I | During the first two months of last year the imports were: 


paid for anthracene during the first year or two of the | 
manufacture of artificial alizarin. In 1870-1871 we gave | 
from 9d. to 1s. 6d. per cent. per cwt., and in 1872 from 1s. 
6d. to 5s., and a small quantity at 5s. 6d. This shows how) 
the price advanced with the demand ;* since then there have | 
been great variations, and much higher prices are said to} 
have been given by some buyers. 
The anthracene was at first valued by the bisulphide of | 
carbon or petroleum and bisulphide of carbon tests, and also | 
by the alcohol process, the present anthraquinone method | 


quite think this might be accomplished. 

The oxidation of pure anthracene for the preparation of 
anthraquinone does not succeed well by the process at pre- 
sent adopted, so that this would likewise have to be modited, 
but if it could be obtained pure, or nearly pure, at once, in- 
stead of having to be dissolved in oil of vitriol or sublimed, 
and then treated with this acid, it would bea great advan- 
tage. To obtain anthracene in a pure, or nearly pure, state 
on the large scale, I think that it would probably be 
found best to distill hot pressed anthracene with potash; then 


During the first two months of this year they were: 
2,185 cwt, 


or about two-thirds less. And not only so, but the price is 
still declining. Turkey roots may now be bought at 11s. 
| per cwt., whereas before artificial alizarin was introduced 


not being then proposed. For our own information we | to grind it fine, wash it with petroleum or naphtha, and | they were sold, on an average, at 50s. At the present prices 


employed from nearly the first an anthraquinone test, which | 
consisted in oxidizing about 10 grammes of the anthracene, 
previously purified with petroleum and distillation with 
caustic potash, subliming off the anthraquinone in a retort, 
crystallizing it from naphtha and then weighing. This, 
although not very accurate, we found to be practically of 
much value to us. 

As to the advantage of the use of naphtha or petroleum 
spirit for purifying anthracene, manufacturers differ in 
opinion. It is evident, however, that petroleum spirit has 


lastly crystallize it from naphtha. 
I may here, perbaps, make a few remarks upon carbazol, 


as it is quite probable that it may yet be found to be a vala- 


able product. To obtain it, anthracene, 
pressed or washed with naphtha, is distilled with caustic 
potash until no more anthracene passes over The black 
residue is then freed from potash by being well washed with 


referably hot- 


water, and, on being distilled, yields carbazol; as I men- 


tioned before, crude anthracene gives as much as 10 or 12 
per cent. of this substance. Another method consists in 


the great advantage of dissolving less anthracene, and at | boiling the anthracene with fused caustic potash in a cylin- 
the same time the other impurities are sufficiently soluble in | der, until free from watery and then allowing the mixture to 


it to be removed if enough be employed, say two or three 
times as much as the crude anthracene to be purified; it is 


stand to cool. On opening the cylinder, the anthracene will 
be found as a layer on the top of the potash containing the 


also easily removed from the purified anthracene by steam | carbazol, and can be scaled off. After this is removed, the 
on account of its solubility. Coal tar naphtha, however, | remaining product is treated as just indicated.* 


dissolves out a good deal of anthracene; so that the impuri- 
ties dissolved by it and left after it has been distilled off, | 
contain often seven or eight per cent. of anthracene which | 


is difficult to recover. Neither naphtha nor petroleum 
removes much of the carbazol. The following is a table of 
solubilities of anthracene, etc., in benzene and peiroleum: 
Petroleum. Benzene. 

B. P. 70°-100° C. B. P. 80°-100° C. 
Anthracene... “115 per cent. ‘976 per cent. 
Phenanthrene ..... 3206 21°94 
Dichloranthracene...... 187 


There is an impurity in anthracene which is sometimes 
very troublesome, and that is paraffin. This paraffin is of | 
high fusing point, and of little solubility either in petroleum 
or in naphtha—very different in this respect from ordinary 


This remarkable compound of potash and carbazol, when 
heated to redness, gives off large quantities of hydrogen 
gas, the carbazol being decomposed. From experiments I 
have made, this compound appears to contain one atom of 
potassium to one of carbazol, its formula probably being 
C,,H.KN. It is now under investigation. 

Carbazol is a beautifully crystallized body, not unlike an- 
thracene. When heated with mercuric chloride, or various 
other oxidizing agents, it produces a blue coloring matter. 
This, however, has not been found to be of practical value. 
It is probably the substance which was described several 
years ago as anthracene blue, the anthracene used probably 
containing carbazol. 

In crude anthracene and oil, accompanying it, there is a 
peculiar organic base called acridine, having the formula 
CyH,N. It was first observed by Caro, and investigated 
by Graebe and Caro. It crystallizes in brownish yellow 
four-sided rectangular prisms, and is a most stable com 


paraflin. lt will dissolve in these solvents when they are| pound. The vapor causes coughing and sneezing, and it 
hot, but on cooling is almost entirely deposited again. A | gives to the oils accompanying anthracene a very irritating 
small quantity of this left in the anthracene frequently! action when rubbed on the skin. In hot weather, the work- 
greatly impedes the filtration in the succeeding operations, | men employed in pressing or otherwise working with crude 
and being a stable compound, passes through most of the | anthracene, sometimes suffer very considerably from the 


processes; it is, therefore, a very troublesome substance, | 
and interferes with the value of a crude anthracene contain- | 
ing it. ein; 
hot pressed, so much so, that if it is thoroughly done it is | 


pain it temporarily produces. 
Some improvement in the treatment of sulpho-acids of an- 


Crude anthracene is very much purified by being | thraquinone with caustic soda in the production of coloring | 


matter is very desirable. The amount of alkali used is often 


| of madder, its cultivation is unremunerative, and will, un- 
| doubtedly, be soon a thing of the past. Such has been the 
success of artificial alizarin in competing with madder and 

rancine in this country, and it is equally true of other 
countries. The — of madder grown in all the mad- 
der-growing countries of the world prior to 1868 is estimated 
at about 70,000 tons per annum. he amount of artificial 
alizarin now produced is equal in dyeing power to consider- 
ably more than this; in fact, the lowest estimate I have been 
able to get for 1878, and which was confirmed from other 
sources, is 9,500 tons, which is equivalent to 950,000 tons of 
madder. This remarkable result has been arrived at in ten 
| years only. 

To produce this quantity of artificial alizarin, there are 
about nine manufacturers on the Continent and one in this 
country, Messrs. Burt, Bolton & Haywood, who have two 
large works for its production, viz., the original works at 
Greenford Green and new ones at Silvertown. 

Graebe and Liebermann, in their paper in the Moniteur 
Scientifique,t give some statistics of the production of artifi- 
cial alizarin which, however, require correcting. They also 
leave out the years 1869 and 1870. In 1869 we had advanced 
in the manufacture so far as to send color into the market, 
the first invoice being dated Oct. 4th, and that year we pro 
duced about one ton. In 1870 we produced 40 tons; in 1871, 
220 tons; in 1872, 300 tons; and in 1873, 435 tons. Up to 
the end of 1870 we were practically the only makers of this 
product. One of the largest chemical and coal tar color 
manufacturing firms of Germany, with whom we were in 
correspondence, stated that in November, 1870, they had 
only lately commenced producing 50 !b. of alizarin, 10 per 
cent. quality, per day, and that noone else in that count 
was supplying artificial alizarin, and in 1871, we were peal 
cally the only producers of quantity, at any rate during the 
first part of the year, for in March, 1871, the firm already 
referred to, and who had great opportunities of knowin 
| what was being done in their country, wrote that they had 
not received knowledge of any establishment but their own 
manufacturing artificial alizarin. 

In November, 1871, however, Messrs. Gessert Fréres an- 
nounced to the Industrial Society of Mulhouse that the 
had produced 30,792 kilogrammes of alizarin in paste. This 
| 1s equal to about 30 tons, an amount which was evidently 


scarcely needful to treat it with naphtha or petroleum. The | six or eight times more than indicated by theory, and, as no | considered by them a very large quantity.t 


anthracene which dissolves in the fused impurities and is | suitable means have been obtained for recovering this be- | 


then pressed out, may be afterwards recovered. 

I will now make a few remarks upon the process of dis- | 
tilling anthracene with caustic potash. This process has | 
been very much spoken against, as destroying a consider- | 
able quantity of the anthracene. I may remark that anthra | 
cene is not acted upon by heating with caustic potash; and | 
from «1 the experiments I have made on the subject, which 
arc very numerous, I have not found that there is any more 
loss of anthracene by distilling it with caustic potash than 
by distilling it alone. 

The effect of caustic potash on crude anthracene is very 
remarkable, sometimes as much as forty or fifty per cent. of 
impurities being removed by distilling it with this alkali. 
The action appears to be twofold: first, it chars all the diffi- | 
cultly volatile and unstable products and bodies of a pheno- 
lic character; and, secondly, it combines with the carbazol, 
forming with it a remarkable compound. Carbazol is pre- 
sent in considerable quantities; crude anthracene, after be- 
ing washed with naphtha, containing from ten to twelve per 
cent. of carbazol; washed anthracene, which has been dis- 
tilled with caustic potash, consists chiefly of anthracene and 
phenanthrene. 

For the economical production of dichloranthracene, we 
found anthracene which had been purified by distillation 
with potash essential. This, when properly chlorinated, 
gives a beautifully crystalline mass, containing a certain | 
amount of oily bodies, which can easily be removed by press- | 
ure. Whereas anthracene, which has not been treated with | 
potash, yields a confusedly crystalline mass mixed with | 
sticky impurities, which cannot be pressed out until rendered | 
fluid by the addition of coal-tar naphtha, which results in a | 
considerable loss of product. 

One advantage of this process of treating anthracene is | 
that it brings authracenes of different origins to similar con- | 
ditions—even pitch anthracene works goes = well “od 
being subjected to this process. It is also useful as indicat- 
The further the distilla-| 


ing the origin of the anthracene. 
reater | 


tion of the tar has been carried, it will be found the 
the loss of weight the crude anthracene obtained 


purities it contains being more easily charred. 

There is one curious fact in connection with the process. | 
If anthracene which has been well washed with naphtha or | 
petroleum be distilled with potash, it will be found that, on 
treatment with these solvents again, a considerable amount | 
of impurity will freely dissolve out, apparently consisting 
chiefly of phenanthrene. 

I know of no method of procuring anthracene in a pure 
state easily and in quantity but by purifying it by distilla- 
tion with caustic potash. Anthracene thus treated, if washed 
with benzol, or other suitable solvents, and then dissolved 
in boiling benzol, will crystallize out on cooling in a most 


* The prices of anthracene given in the Moniteur Scientifique, April 19, 
Pp. 420, are much too high, 


rom it | 
will suffer on distillation with potash, on account of the ~ 


fore precipitating the coloring matter, it is all converted into 
sodic sulphate, for which a large amount of sulphuric acid 
has also to be employed. The sulphate of s being in 
solution, does not pay for evaporation, otherwise it might 
be reconverted into caustic soda. 

Some experiments have been made to precipitate the col- 
oring matter from the alkaline solution with lime, but this, 
unfortunately, especially with red shades of color, acts very 
imperfectly, and is therefore of no value. It is also ve 
desirable that the condition under which the a and  disul- 
phanthraquinonic acids are formed, as also of the disulpho 
acid giving the sulpho acid of alizarin, should be studied, so 
that their separate formation may be effected at will. 

Having now given an account of the manufacture of artifi- 
cial alizarin, it will be iateresting to inquire into the com- 
mercial results of this industry, and, firstly, what has been 


its influence upon the sale of madder and its derivatives. I | P 


mentioned at the commencement of this paper that the an- 
nual value of the imports into the United Kingdom, of 
madder and garancine, from 1859 to 1868, amounted to 
about £1,000,000 sterling, with prices averaging for mad 
der 45s. and 50s. per cwt., and for garancine, 150s. In the 
subjoined table will be seen the remarkable changes that 
have taken place in the imports, and also the great reduc- 
tion in price: 
AVERAGE ANNUAL IMPORTS OF MADDER AND GARANCINE 
INTO THE UNITED KINGDOM. 


Year. | Madder. | Garancine. | French | Turkey | Garancine. 
Cwts. Cwts. 
| 305,840 | 45,560 | 45s. | 508 | 150s. 
1875 | 100,280 | 25,30 |— |— | — 
1876 | 59,137 | 15,396 
or — _ — 
6,436 
1977 | 38,711 | 887% | — | — 
1878 | 32, 2,700 | 18 | 178. | 65s 


Up to and during 1876 considerable quantities of artificial 
alizarin were imported from the Continent, and entered at 
the Customs as garancine or madder, which having been 
brought to the notice of the officials, the returns made sub- 
sequently are more reliable. The imports of garancine were 


Graebe and Liebermann’s statistics are as follows com- 
| pared with our production: 
Graebe and Perkin & Sons, 
Liebermann, Productions. 
Tons. Tons, 
1 
40 
cove 125-150 220 
900-1,000 435 


Without wishing to detract from Graebe and Liebermann’s 
original discovery, we _ say that the birthplace of the 
| manufacture of artificial alizarin was in England. It was 
| in this country that the difficulties and doubts about the 
manufacture and supply of the raw materiai, anthracene, 
were solved, and the production of artificial alizarin by new 
rocesses successfully accomplished. After these results 
were obtained in this country, Continental chemists were 
encouraged to manufacture on a comparatively large scale, 
but up to the end of 1873 the English manufacturers had 
practically no competition in the home market. 

Having considered the amount of artificial alizarin now 
manufactured, it will be of interest to see what its money 
value is. 

Taking the lowest estimate, viz., 9,500 tons, and calcu- 
lating its selling prices at £150 per ton, the annual value 
amounts to no less than £1,425,000, or nearly a million and a 
half 


As a dye, it is now at most not more than one-third of the 
average price of madder in 1859-1868. Consequently, in 
the United Kingdom, when the annual value of madder im- 
ported was £1,000,000, the annual saving is very yreat. 

While collecting the statistics about alizarin, I thought it 
would be of interest to get, if possible, the statistics of the 
entire coal tar color industry, and to the kindness of H. 
Caro, of the Badische Aniline und Soda Fabrik, lam indebted 
for most of the following particulars: 

ESTIMATED VALUE OF THE PRODUCTION OF COAL TAR 
COLORS IN 1878. 
mr som . £2,000,000, of which four fifths are exported. 
England... 450,000 
France ... 350,000 
Switzerland 350,000 


Total. .£3,150,000 


In referring to the works which have been set up for the 
purpose of making coal tar colors, I thought it would be of 


* A method so often resorted to as to render English chemical patents 


returned by the Board of Trade in 1876 as 15,396 cwt., 


. The process of distilling crude anthracene with caustic h was | 
communicated to H. Caro, of the Badische Aniline and Soda Fabrik, and 
it wa this means that the investigated by Graebe und Glaser 
was 


nearly useless as a protection against infringements b 
facturers, the results of this being alike detrimental to 
injurious to the national interests. 

+ April, 1879, p. 416. 


+ Moniteur Scientifique, April, 1879, 416. 


foreign manu- 
inventor and 
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1879. 
| 
......6,846 cwt. 
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interest to show a copy of a rough sketch of the first works 
erected for this purpose as they appeared in 1868, two years 
after the patent for the mauve was taken out. 

These works were not one year old when sketched, and the 
practicability of making the mauve commercially had only 
been proved a short time. In 1878 they had increased to 
such an extent asto cover about six acres, 

There are now in this country six coal tar color works; in 


Germany, no less than seventeen; in France, about five; and | 


in Switzerland, four, There are also three works in Ger- 
many, and three in France, which manufacture aniline in 
enormous quantities for the production of coal tar colors, 
Such isthe wonderful growth of this industry, which 
dates only from 1856. It is the fruit of scientific researches 
in organic chemistry, conducted, mostly from a scientific 
point of view; and, while this industry has made such great 
progress, it has, jn its turn, acted as a handmaid to chemical 
science, by placing at the disposal of chemists products 
which otherwise could not have been obtained, and thus an 
amount of research has been conducted through it so ex 
tensive that it is difficult to realize, and this may, before 
long, produce practical fruit to an extent we have no con- 
ception of. One very important coloring matter related to 
coal tar, and one of the original sources of aniline—a pro- 
duct of as great importance as alizarin—has yet to be pro- 
duced on the large scale I refer to indigo Baeyer has 
shown that it can be produced artificially, but at present no 


practical means of accomplishing it have been discovered, | 


No doubt, however, it will not be many years before this is 
achieved, and the cultivation of the indigo plant share the 
fate of madder. 


ALIZARINE BLUE, 


Tus new dye has been invented in Alsace, by Prud’- 
homme, and perfected by Brunk. The plan of the latter 
depends upon the action of a mixture of glycerine and sul- 
phuric acid at a high temperature upon alizarine, and has 
succeeded in isolating this coloring matter. 

The alizarine of commerce isa slightly pasty substance, of 
a brownish violet, and containing 10 per cent. of coloring 
matter. It is almost insoluble in water, and dissolves with 
difficulty in benzine and alcohol, when it forms a red solu- 
tion. The solution in benzine furnishes the alizarine, in the 
shape of bluish violet needles of a metallic luster, with a 
melting point of 490° Fahr., giving off at higher tempera- 
tures vapors of an orange color, which condense into 
needles of a blue-black. 

Alizarine blue dissolves more easily in glacial acetic acid, 
but this solution changes when boiled. It also forms a red 
solution with concentrated sulphuric acid. When this is 
heated for a certain time, and then diluted with water, a 
blue sediment is obtained, which, as a coloring matter, pre- 
sents nearly the same features as alizarine blue. A concen- 
trated solution of arsenic acid (density 1°9316) dissolves the 
alizarine blue easily, and gives an orangy red. If it be 
heated and afterwards diluted with water, the unchanged 
coloring matter is precipitated in blue flakes. This reaction 
in the presence of acids allows the extraction of alizarine 
blue from all residues formed in calico-printing establish- 
ments. 

Diluted alkalies dissolve the new coloring matter, giving 
blue or greenish-blue solution. After a certain time, espe- 
cially in presence of a surplus of alkah, the matter separates 
anew, in the form of an insoluble salt. Alizarine blue forms 
bluish-green coloring matters with the salts of lime, baryta, 
and strontia ; greenish-blue with the salts of iron, violet 
blue with alumina, violet with the oxide of chrome, and 
violet red with tin. 

Like indigo, alizarine blue can be reduced in its alkaline 
solutica. With zine dust, hydrated sulphurous acid, or 
grape sugar, in presence of an alkali, a yellowish-brown so- 
lution is obtained, from which the coloring matter, of a 
beautiful blue color, separates under the action of air. 
Cloth, not mordanted, when dipped into this bath, dyes blue 
in the air. The bath itself has a red color, with a bluish 
reflection. When the oxidation in the air is finished, the 
cloth is treated cold in a bath of chloride of lime, or in a 
solution of bichromate of potash, to which lime has been | 
added. 

For printing, Prud’homme and Koechlin: One quart of 
alizarine blue at 10 per cent, is mixed with 3-32 pint of soda 
lye (density 1°3298); one ounce of zine dust is added, and 
3-32 pint of glycerine (density 1°2390); then thickened with 
one pint of a solution of dextrine in water, containing 1'4 
Ib. dextrine, and with this the cloth is printed, The blue 
obtained is very bright, but not very pure ; a better result is 
obtained by adding a chrome or iron salt, but still the color 
is not perfect as to durability and prints with difficulty. 

The before-mentioned gentlemen have also dyed mor- | 
danted cloth an alizarine blue, by adding to the bath, for 
one part of blue of 10 per cent., one ortwo parts of sulpho- 
oleic acid, with a slight excess of ammonia. The coloring 
matter commences to act toward 160° Fahr. It is then | 
heated for an hour up to boiling point, and allowed to boil 
for half an hour. The presence of phosphate of lime is ad- 
vantageous, and an addition of chalk does no harm ; but 
free lime forms an insoluble coloring matter, whith prevents 
the bath from acting. 

The most advantageous use to which alizarine blue will 
be put is, no doubt, its application as a steam color, by fix- 
ing it on cotton by means of ferro-cyanate of potash and 
acetate of chrome. The addition of acetic acid or acetate 
of chrome to steam colors is not advantageous. For 8 oz. 
of thickening 144 oz. alizarine blue are taken, of 10 per 
cent., 6 inches cub. acetate of chrome, 8 inches cub. of fer- 
ro-cyanate of potash (all solutions having a density of 1°074), 
and 12 inches cub glycerine. The thickening is formed 
of 114 pints water, 144 oz. white starch, 4 oz. starch slightly 
roasied, and 2 oz. olive oil. 

Before printing the cloth is prepared by means of a solu- 
tion formed by one part sulpho-oleic acid in 20 to 30 parts 
water. After the printing the cloth is exposed during one 
and « half to two hours to the action of steam, then washed, 
placed for 20 minutes in a soap bath of 120° Fahr., then 
passed through boiling lime water, containing 5-32 oz. lime 
per gallon of water, and which gives to the blue a greenish 
hue. It is then carefully washed, and then soaped at boiling 
point, when a perfectly pure blue will be the result. The 
steam blue thus obtained resists the action of chlorine and 
of the sun, but the latter gives it a grayish tinge, which 
latter has militated against its application, notwithstanding 
its resistance to the other oxidizing agents. 

Alizarine blue has a greater resisting power against the 
action of chloride of lime than indigo, alizarine violet, or 
the different aniline grays. Concentrated hydrochloric acid 
does not at all alter alizarine blue, and soda lye affects it 
slightly. Witz has found that, by employing a little more 
sulphuric acid and glycerine than indicated above, the nitro- 
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alizarin 
15 minutes, by heating it up to 300° Fabr. 
time there is a dirty green substance formed, which is re- 
moved by repeated applications of a solution of soda 


| BLUE. 


ted muriatic acid. 


a. If the color changes to red or orange yellow, the dye is 


logwood blue, 


». If the color is not changed, it may be either Prussian 


hlue, aniline blue, or indigo blue 


B. Another sample is dipped ina solution of chloride of 


lime. 
| «a. If the color is not changed it is Prussian, blue. 


». If it is either discharged or changed to yellowish, it 


may be either aniline or indigo blue. 


C. Another sample is dipped into a solution of caustic 


soda. 

a. If it is discharged or changed, it is aniline blue, 

b. If unaltered, it is indigo blue 

The same tests, we presume, are applicalJe ta black, which 
is, in reality, only very deep blue, 


YELLOW. 


Two samples of the fabric are dipped, one into a warm 
and slightly acidulated solution of prussiate of potash, and 
| the other into a solution of cyanide of potassium. If the 
first sample changes to blue then the dye is oxide of tron, 
the second changes it to blood red, it is pierie acid. 

A third sample is dipped into boiling soapsuds (1 soap to 
200 water). If the color changes to reddish brown, and by 
an acid again to yellow, then the dye is turmeric. If the 
color only turns darker, then it indicates fuatic ; if unal- 


e is completely transformed into aniline blue in 10 to 


A. Pour over the fabric a solution of citric acid, or dilu- 


Avaust 2, 1879. 
= 
| the green light became perceptible, while heating to an 
At the same | equal extent did not develop fluorescence if «a lump of 


solid sodium hydrate had previously been dropped in and 
dissolved. 

4. ‘‘Uranine” may be used as a distinctive test for bro. 
mine, the change from yellow to eosine-red being well 
marked, and the reaction producible with a small enough 
quantity to give it practical value. Thus, on dyeing a bit 
of white silk with a solution of 1 grm. uranine in 100 c. c. of 
water and letting the fabric dry, 0005 grm. of bromine in 
(saturated) bromine water directly applied produced a minute 
rose-colored spot; ‘005 grm. of potassium bromide, repre- 
senting ‘0033 grm. bromine, was placed in a very smal) test 
tube with a few milligrammes each of manganese dioxide 
and sulphuric acid» a bit of white silk, 20 mm. by 4 mm., 
having a spot of 5mm. by 24¢ mm. dyed yellow with ura- 
}nine, dried, and one-half the surface of the spot slightly 
remoistened, was placed in the upper part of the tube, and 
the bottom was gently warmed, a fairly recognizable change 
from yellow to red of the moistened surface was produced. 
The change of color is not brought about by chlorine, 
iodine, or the lower oxides of nitrogen. Much chlorine 
along with bromine bleaches the fabric, but even then 
careful observation during the progress of the action will 
show the rosy tint around the edges of the spot which has 
_ been dyed. 


READY METHOD FOR PREPARING DIPHENYL. 
By Watson F.C.S., F.LC. 
By the adoption of the following method I have found 


If that a rich yield may be obtained of the above hydrocarbon, 


and the experiment is easily carried out, proceeds rapidly, 
and without any danger. 62°4 grms. of benzene are mixed 
in a flask with 52 grms. of tin tetrachloride, or at least this 
proportion is observed, and the mixture is poured little by 
little into a dropping tube, which allows it to fall drop by 


tered, it may be dyer’s weed (weld), French berries, or black drop into a tube of Bohemian glass, itself lying in a combus- 


oak bark. 

Boil three samples with diluted sulphuric acid. If the 
color disappears, the dye is dyer’s weed. If not, then it may 
be one of the two other colors. Bofled in a solution of tin 
salt, it changes to orange yellow, if it be French, berries ; if 
it is not altered, it is black oak bark. 

Annatto is recognized by its greenish blue color when the 
fabric is dipped into concentrated sulphuric acid. Aunatto, 
furthermore, withstands the action of chlorine. 


| RED. 


If the fabric does not lose its color, or change, on being 
boiled in soapsuds, or dipped into spirits of hartshorn, lemon 
juice, or into a mixture of equal parts tin salt, muriatic acid 
and water, then the color is madder. 

Complete discharge in soapsuds, and if the color cannot 
be brought back with lemon juice, indicates saffranin ; if 
the red color is restored by citric acid, then it is aniline red. 

If another sample, on being dipped into concentrated sul- 
phuric acid, changes to cherry red, the dye is Brazil wood ; 
if orange yellow, it is cochineal. 


GREEN. 
Heat in water bath, with 95 p. c. alcohol, for a few min- 
tes 


a. If the alcohol is colored yellow, and consequently the 
fabric more bluish, it shows the presence of either indigo or 
Prussian blue, witha yellow pigment; examine the fabric 
for blue, and the alcohol for yellow. 

6. If the alcohol is colored green, and the fabric does not 
change its color, only turns paler, the dye is aniline green or 
aniline blue with yellow. Boil the fabric with diluted muri- 
atic acid. If it turns rose-red or violet, then the color is 
iodine green ; if blue or yellow, and is dissolved, then it is 

| aniline blue and yellow ; if it is discharged or rendered yel- 
| lowish, it is aldehyde green, 


VIOLET. 


If the color is not altered by dipping the fabric into a so- 
lution of chlorinated lime, then it is a/kanet violet. If the 
enter is brightened by dipping into lime juice, it is aniline 
violet, 

Another piece dipped into a solution of chloride of lime, 
washed, and then dipped into a solution of prussiate of pot- 
ash, turns blue if the color is madder or cochinead (because of 
the iron mordant). 

a piece is changed to brownish yellow by dipping into 
chlorinated lime, the dye is madder ; if it is discharged en- 
tirely, it is cochineal. 

Dip another sample into milk of lime ; if it becomes gray, 
and then quite colorless, it is /ogvoed ; if bluish violet, it is 
cudbear.—Hager’s Pharmaceutical Praxis. 


NOTES ON URANINE 


Pror. J. W. MALLeTTt, of the University of Virginia, com- 
municates the following to the American Chemical Journal : 

The material appears as a red powder of somewhat the 
tint of cuprous oxide, directly soluble in water, the solution 
having an orange color by transmitted light, exhibiting 
vivid green fluorescence, and directly dyeing animal fabrics 
a bright golden yellow. 

1. Qualitative examination shows that this coloring ma- 
terial is sodium-fluoresceine, readily developing by bromi- 
nation the beautiful aurora red tints of eosine. Traces of 
the potassium and calcium compounds are also detectable 
by means of the spectroscope, but they are accidentally pres- 
ent only. 

2. When the substance in the dry state is heated over a 
lamp flame it undergoes partial fusion and rapid charring, 
| producing a very voluminous coal, from the interior of 
which the fused and decomposing mass is rapidly pushed 
| out in oddly contorted, worm-like cylinders, reproducing the 
appearance of the ‘‘ Pharaoh’s serpents” (of sulpho-cyanate 
| of mercury) which were sold as toys a few years ago. This 
| effect is most readily observed with a little of the powder 
taken up on a loop at the end of a small platinum wire. 

3. The fluorescence, which persists in extraordinarily di- 
lute solutions, is not observable in those of more than a cer- 
tain degree of concentration. In order to determine ap- 
proximately what degree of dilution is needed to produce 
the phenomenon, 1 grm. of the powder was dissolved in 10 
c. c. of water at 15° C., and more water gradually added. 
With 40 ce. fluorescence began to be faintly seen; the effect 
was not well marked until about 100 c. c. had been used, and 
it became notably more brilliant up to a dilution of about 
1. 2,000. 

This effect of dilution is suggestive of partial dissociation 
of the alkaline compound under the influence of the ‘‘ mass ” 
of the water, for on preparing a cold solution of a strength 
just too great to show fluorescence and applying heat, 


tion furnace, and maintained at a bright red heat. The 
combustion tube should be bent at the outlet, almost at right 
angles, so as to pass through «a cork fitting into a wide- 
necked bottle. A tube passes from this bottle to another 
large bottle containing some water and also a quantity of 


| 

blotting or filter paper. This arrangement serves to par- 
tially condense the hydrochloric acid evolved, but another 
tube passes from this bottle into a draught-place, or through 
a window to lead off the uncondensed gas. There is no 
need to pass the evolved gases through a Liebig’s condenser, 
for if a bright red heat be maintained not more than one 
drop of undecomposed benzene would be condensed, the 
above weights being taken. The diphenyl is found mixed 
with stannous chloride in the receiver in solid masses. Sepa- 
ration is easily effected by warm concentrated hydrochloric 
acid, which dissolves the stannous chloride, and leaves be- 
hind diphenyl. The latter is puritied by distillation alone, 
and finally with steam.— Chemical News. 


MANUFACTURE OF AMMONIA SALTS FROM 
GAS LIQUOR. 
Tue so-called continuous method of manufacturing sul- 
phate of ammonia is by far the most complete and efficient 
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| system at present in use. The crude liquor, instead of be- 
ling subjected to heat in a boiler, is distilled by the use of 
some form of the Coffey still. It consists of a rectangular 
vessel of considerable height, provided with a series of shal- 
low trays, which, in the more complete form of apparatus, 
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are provided 


with conical valves opening upward. A dia-/| of plant and animal, is capable of a distinct and individual 


gram of this form of Coffey still is given previously. It con- life, and its methods of growth and multiplication (or rather | 
sists of the upright vessel a, a, a, a, made of wood and lined | division) have been beautifully demonstrated by many emi 


with lead, placed on the top of a close cistern, 3, 5, 2, 6, and nent naturalists. 


And wherever the phases of this chame- | 


Is it possible that beyond the range of the microscope 
there are minute forms composing these cells which are each 
in itself geometrically regular, yet constituting in the 

regate an ungeometrical body as the starting point for 


subdivided into small chambers, ¢, ¢, ¢, ¢, ¢, ¢, by the hori- | leon may be observed, each is the easily recognizable child | life building ? 


zontal partitions or diaphragms, d, d, d, d, d, d. he sedia- 


phragms are perforated with small holes, and furnished with | and above it, howsoever divergent may be the path. 


, and the common parent of all beyond 
ut it | 


of all it has 


Considering molecules of matter as inert and acted upon 
simultaneously, but with different degrees of force in dif 


the short pipes, ¢, e, é, é, é, é, the lower ends of which are | is the vulgar error to misunderstand this analogy (as in the | ferent directions, then if those similar molecules were dis- 
inserted into cups or traps, f, ,f,f,f/,f. The diaphragms ; relations of man and monkey, etc.) when criticising the doc- | tributed evenly in any menstruum, there would necessarily 


are also furnished with valves, 9, 9, 9, 9, % g- he am. 
moniacal liquor is admitted into the apparatus by the pipe, 


h, in the center of the vessel, and descending from one | brothers of the same parent stem. 


chamber to another, eventually falls into the close cistern, }, 
from whence it is drawn off by the cock, ¢. 
veyed into the apparatus by the pipe, j, 
the exit pipe, 2, on the left side of the vessel, a. 


above the level of the top of the still column. 
tank the liquor flows in a small stream to the top of the still, 
and then gradually descends by the series of trays. Steam, 
at about 30 Ib. pressure, Ils admitted to the bottom of the 
still columns, and meets with the descending liquor, from 
which it liberates the ammonia existing in the free state, 
and in the form of volatile salts, such as carbonate and sul- 
phide. The flow of liquor is so proportioned to the size of 
the apparatus and to the efficiency of the steam that the 
liquid which runs from the bottom of the still is practically 
free from ammonia. The ammoniacal vapors evolved by 
the action of the steam on the liquor pass to one of the 
forms of saturator already described, while the carbonic 
acid, sulphureted hydrogen, and uncondensed steam pass 
on, and are disposed of in the usual manner. In the event 
of the closed form of saturator, charged with a compara- 
tively dilute acid, being used, it is advisable to employ two 
saturators, so that on the contents of one becoming saturated, 
the ammoniacal vapors can be turned on to the other, and 
thus the continuity of the manufacture maintained. 

The liquid which flows from the still columns, although 
containing little or no free ammonia, _—— a small 
amount of the alkali in the form of fixe 
phocyanide and hyposulphite. This ammonia may be ob- 
tained from the liquor by allowing it to flow in its heated 
condition into closed receptacles, where it is agitated by me- 
chanical means with a suitable proportion of slaked lime. 
Ammoniacal gas is given off, which may be conducted to 
the saturator; and, if necessary, the evolution of the gas 
may be facilitated by the introduction of steam into the 
liquid. 

The great economy which exists in the manufacture of 
sulphate of ammonia by the use of modified forms of the 
Coffey still is due to the process being continuous, and to 
the fact that the whole of the ammonia is obtained from the 
liquor by the expenditure of a minimum amount of fuel. In 
the treatment of liquor by the old method of direct neutrali- 
zation by sulphuric acid, and by subsequent evaporation, 
the whole of the water present had to be boiled off in order 
to obtain the salt, necessitating a comparatively large ex- 
penditure of fuel. By the use of the Coffey still system the 
ammonia is liberated from the liquor bya much less ex- 
penditure of fuel, the greater bulk of the water present not 
undergoing evaporation, but simply flowing away from 
the still, and the amount of fuel which would otherwise 
have been consumed in evaporating this bulk of liquid is 
practically saved. Even the heat of this waste liquid is, to 
a certain extent, utilized in the most complete modes of 
working, being used to heat the crude liquor previous to its 
entrance to the stiil columns. 

The points to which special attention should be directed 
in sulphate of ammonia manufacture may be epitomized as 
follows: 

The original liquor should be of good strength, as it is 
obvious that the larger ped reap of ammonia present 
the less the bulk of liquid which will have to be heated in 
order to procure a given yield of sulphate. On the other 
hand, the liquor should not be too strong, as, in that case, 
the evolution of ammonia may be too rapid to be entirely 
absorbed in the saturator. 

The rate at which the ammoniacal liquor should flow into 
the still columns should be such that an even evolution of 
gases is obtained, while the liquid flowing away should not 
contain more than a mere trace of ammonia. 

The pipes and connections conveying away the waste 
gases from the saturator should be perfectly sound, leakage 
obviously allowing escape of sulphureted hydrogen, which 
would occasion nuisance. 

The gases from the saturator should be thoroughly dried, 
as far as can be accomplished, before being allowed to enter 
the furnace. The drying is best effected by suitable cool- 
ing, which precipitates all excess of aqueous vapor. The 
comparatively dry gases should be admitted to the furnace 
at a point where the draught will carry them through and 
over the mass of incandescent fuel, by which entire com- 
bustion of the sulphureted hydrogen and hydrocarbon 
vapors is effected, and the ordinary and comparatively 
harmless combustion products alone escape into the air. 
The sulphureted hydrogen may also be disposed of by 
means of oxide of iron, used in an ordinary purifier. In 
this case the sulphur, instead of being wasted, may be re- 
covered by suitable methods.—Journal of Gas Lighting. 


A SPECULATION ON PROTOPLASM. 
By Persiror Frazer, Jr. 


THE researches of comparative anatomists in late years 
have thrown much light upon the mode of development of 
the germ or embryo to the adult form of the species from 
which it is derived, and by the labors of Haeckel, Huxley, 
Cope, and others, much encouragement has been offered to 
the hope that man will yet push his knowledge of the 


salts, chiefly sul- | 


trine of evolution. For only on the trunk do all divergent | 
| forms unite. No bough is parent to another, but they are 


| This ultimate organic matter, or common building ma- 


and escapes through | always composed in the main of the same few elements. | 
The liquor 
to be treated is pumped into a tank, the bottom of which is 
From this 


Robin’s composition of the amniotic fluid of a fecupdated 
| ovum* contains: 


Per thousand. 
2. Albumen and mucosine............ O°82to 10°77 
4. Creatine and creatinine, not est 
5. Sodium lactate, .tTace 
6. Fatty O18to 1295 
7. Glucose .............not estimated. 
8. Potassium and sodium chlorides ... 2°40 to 595 
9. Calcium chloride, ............trace. 
10. Sodium carbonate............trace. 
11. Sodium sulphate ............trace. 
12. Potassium sulphate........ ..trace. 
13. Calcium and magnesium... ...trace. 
14. Phosphates and sulphates ......... 1l4to 1°72 
997°49 to 998°18 
Leaving undetermined, and to be divided 
between creatine, creatinine, sod- 
ium lactate, glucose, chlorides, sul- 
phates, etc., and loss... .......... 251to 1°81 
This analysis does not, it is true, represent protoplasm 


| from the simplest structures, but that which is used in or- 
| ganic edifices of a relatively high state of complexity; never- 
| theless the table is valualJe as showing that despite the very 
| heterogeneous nature of this fluid, the number of elements 
| which essentially compose it is few, thus: 
Albumen...........C, H, N, O, 8, slight variations in com- 
position. Molecule not known. 
Mucin.............C, Hy, N, variable. 

§ Creatine ..........C,H 

Creatinine. ........C,H,N;0, 
Sodium lactate 
Fatty matters.....C,H,O, 0°013 to 0°12 p. c. per 

thousand. 

Glucose. .... 

Mineral salts... KCl, NaCl, CaCl, Na.CO;, Na,SO,, K,SO, 

traces, 

Magnesian and calca- Mg; (PO,)s, 
reous phosphates Ca; (PO,)s, 
and sulphates. ... Mg 80,,Ca 80, 

By glancing at the above tables it will be seen that the 

| bulk of this fluid is made up of the type elements H', O", 

N™, C'’, and these are evsential, while sulphur, sodium, 

| potassium, chlorine, magnesium, calcium, and phosphorus 
are more or Jess accidental, or at least make up but a small 
| part of its substance (7. ¢., 0°4 to 1 p. c. at the highest esti- 
mate). 

Even here, then, in a highly complex animal fluid, one 

| about to commence the architecture of the various parts of 

}one of the most complex animals in nature—man—the 

| bricks, though most diverse in form, color, and durability, 

| are almost altogether composed of the same four simple sub- 
stances which make the waters, the atmosphere, and the 

| plants, viz., C, N, O, H. 

| But this conformity to rule, which would make these ele- 

| ments the only four necessary constituents of organisms, 

| though close, is not exact. Sulphur always occurs, though 

‘in small and varying quantity. Phosphorus is queceally 

| present as an inorganic compound. 

| Nor is it known (1) how greatly this material may vary 

| in constitution and still subserve the needs of the growing 

| thing which assimilates it; (2) how greatly the needs them- 
| Selves of a race of —— things may alter with gradually 
| changing circumstances. Has it always been necessary to 
| build living things out of three combustibles and a diluent ? 
When one attempts to speculate upon the possible answers 
to these now unanswerable questions, the difficulties crowd 
,thick upon him. In the early history of the universe (or 
better, of our own planetary family) was it possible for liv- 
ing beings to exist? What constitutes a living being ? 
Some physiologists hold nutrition and reproduction to be the 
| necessary concomitants of life. Others reject the latter on 
the ground that animals, like the working bees and 
the sterile ants, not to speak of the hybrids, do not ful- 
fill it. 
| Allseem to agree that life isa manifestation of force, but so 
| is crystallization. Crystallization, or inorganic life, however, 
| seems to differ from organic life in this, that the ultimate com- 
ponents of the structure due to the latter are cells or irregularly 
shaped sacs withjor without skin, nucleus and nucleolus, and 
if this cell is broken up into parts it does not simply become 
two smaller but similar bodies, but either commences to dis- 
integrate and fall to pieces or remains a broken and dead 

;cell. In the former case the smallest constituent part yet 

| reached is similar to, or at least connected by, rigid geome- 

| trical laws with the largest form in which it manifests 


toa to0‘17p. c. 


result such a grouping of them as to form definite geome- 
trical figures, whether these forces were those of attraction 
or repulsion or both together. Itis possible, but not proven, 
that the different atomicities or atom saturating powers of 


Steam is con- terial, if not identical in chemical composition, is at least | different elements may be due to different numbers and 


positions of these magneto polar axes. 

From the grossest to the smallest manifestation of growth 
force; from the long neck of the giraffe to the segmenta- 
tion of the ovum, there is observable but the interaction of 

lar forces, producing results, however, which are most 
issimilar. In such large masses as we can see, these are 
modified by each other, in great measure, so as to produce 
curves instead of straight lines, as the pendulum does when 
struck sideways during its plane oscillation; but a multipli- 
city of polar forces thus interacting will account for all the 
phenomena. 

There is no ground for supposing that these forces se 
patent in masses large enough for us to observe, cease to 
act upon matter even when in the state of finest comminu- 
tion. And if ee | do, the result of a concourse of mole- 
cules, whether of organic or of inorganic origin, under 
= direction of polar forces must produce geometrical 
orm. 

The only means of testing whether this is the case in these 
organic cells (since the bodies, if they do exist, must be too 
small to be capable of being seen under the most powerful 
microscope) is by the employment of a more delicate test 
than the recognition of form, and such a test is the modifi- 
cation of color by transmission through thin films of them, 
The waves of light in passing between the constituent atoms 
of a body, experience a retardation proportionate to the 
density of the medium; which is only saying, proportionate 
to the mean distance of the atoms apart, which again is gov- 
erned by the amount of the attractive force exerted in a 
riven direction. Bodies in which the density is equal in all 
anions retard the passage of light equally in all direc- 
tions, whereas if the density be different in different direc- 
tions the retardation will be different also and a new pheno- 
menon will result. 

It is known that nearly all organic structures have the 
roperty of polarizing light, and hence are built up by the 
nteraction of polar forces of different intensity; and if the 
first proposition be correct, the establishment thus of the 
existence of several different independent lines of force ren- 
ders the existence of a geometrically constructed organic 
unit at least probable. 

Why these smallest organic molecules do not construct 
the perfected product on their own model, while the ana- 
logous crystalline molecules do, is a problem for future 
solution. 

If the sarcode or protoplasm be susceptible of slight chemi- 
cal changes, and in fact suffers such changes without losing 
the power to fulfill its function of repairing waste tissue, 


| then inthe progress of the decay of worlds, and the changes 


of external conditions consequent upon it, Darwin's law of 
survival must inevitably be felt where an accidental altera- 
tion of the substance of the sarcode and the resulting changes 
impressed upon the structure enabled one animal to live 
where others perished. The formation of more combustible 
compounds, and the increase of the capacity of alimentation, 
for instance, might balance the tendency of the atmosphere 
of a cooling earth to depress the temperature of the blood 
below the living point. But why should it only exert its re- 
cuperative energy in the direction of maintaining the pre- 
sent condition of things? An amount of plasticity equal to 
this need is quite capable of changing the conditions of life 
themselves, and, instead of rendering it possible for man to 
exist with blood at 99° Fabr. in an arctic world, to manu- 
facture, of man and his terrestrial companions, beings to 
whom that temperature would be normal and salutary. 

To a limited extent it seems as though we were justified in 
accepting a difference of this kind in our present organic na- 
ture. How else than by a sarcode of different chemical 
constitution are the physical differences of race to be ae. 
counted for? How, indeed, is evolution to be accounted 
for according to the Darwinian explanation ? 

And if the change to varieties is thus produced, why not 
to species, genera, families, groups, orders, classes, sub- 
kingdoms? Why is it not possible that the very kingdoms of 
life and the forms peculiar to them may be altered in this 
way to suit the gradually changing external conditions of 
nature? The prejudice in our minds against possibility of 
any living thing existing on the surface of the sun is based 
upon various conditions there, which in our experience are 
inconsistent with life. Amongst others may be mentioned, 
that to the best of our knowledge, 1st, the temperature is 
above the fusing point of platinum; there is no solid land 
that we know on which objects could stand, and if there 
were the weights of the bodies that we know would be so 
great at the surface of the sun that they would be crushed. 
That our feet would find no resting place, or if they did, 
our strength would be insufficient to bear up the tons which 
our bodies would then weigh, and even if this were not so, 
our C N OH bodies would be dissipated as gases. The re- 
verse is the case in the cold cinders called asteroids. There 
the cold would instantly kill any living thing that we 
know. 

But what is there to preclude the possibility of living things 
colder than frozen mercury, or hotter than molten platinum? 


| itself. 
| By inductions based by mineralogical microscopists on | 


' the analogies in the behavior of matter in the magnetic field 


t 


In fact, since the only manifestation of vitality we can 
know is the action of force upon matter, until these two 


vrocesses of the development of life at least so far into their | 20d in polarized light, it is rendered probable that each of | components are obliterated, how can one predict the extine- 


infinitesimal beginuings that the highest powers of the micro- 
scope and the most delicate appliances of physical science 
can ne longer aid him. In this gradual triumph over what 
at first seemed insurmountable difficulties, many lines of in- 
teresting speculation are opened up, which, though lacking 
the permanent value of demonstration, are not without a 
certain use, 

One of these is connected with the material out of which 
these wonderful structures are built; a material seeming to 
form the common point of intersection of all lines of organ- 
isms. For the latter, though widely separated in their sev- 
eral states of perfect development, when traced toward 
their origin, exhibit more and more striking resemblances 
and analogies; and they consist of a common substance, 
namely, the ultimately structureless (or amorphous, as it 
is sometimes perhaps too hastily called) protoplasm or 
sarcode. 

This wonderful substance, which composes the simple cell 


| the constituent molecules of a crystal is allied to the crystal 
| itself in its form, and that both forms are due to what might 
be called stereopolarity, or the age to of several (i. ¢., 
| more than two) polar forces acting along different axes, 
which holds the molecules of solids together, and gives the 
latter their characteristic forms. The results would neces- 
| sarily be the repetitions of the same form or of the crys- 
tallographic analogues of that form (i. e., different deriva- 
_ tions in the same crystal system) and the growth of monsters 
which are so often met with. 

Supposing this definition then to stand, the difference be- 
tween organic growth and crystal growth would be that in 
the one case the produet is dissimilar, in the other similar to 
the component parts. + 
| But is a fundamental distinction reached here ? 
| *See Flint’s ** Text Book of Physiology p. 908. 

+ The curious effects produced by the twin structure of crystals, as for 

example, the production of an apparently hexagonal crystal by the union 


tion of life ? 

This has some bearing on the ever recurring questions of 
immortality or existence after visible disintegration. But 
up to this point it has been assumed that the external 
conditions were being changed with extreme slowness. If 
only this obtained, there would seem to be no positive im- 
probability of life in beings composed wholly of liquids or 


Of course it is to ridicule the subject to conceive a being 
whose epidermis of platinum resisted successfully the waste 
of oxidation even at the prevailing red heat, and whose 
stomach of porcelain would melt up the metallic silicates 
and send them coursing through wrought iron arteries to be 
assimilated into metallic or ceramic organs, and to pass 


to 


of several which are rhombic ete.), offers 


the rule, since the a 8 
molecule and each twin, 


| 
| 
; 
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through the usual stages of activity, decay, and re-utiliza hours, taken from the time that th 


bustibles. 
reason can be given for confining the material out of which 
sentient beings can be constructed to the four type ele- 
ments above referred to; nor is there any reason apparent 
why a gradual change in the organs of assimilation as well 
as in the material assimilated should not accompany and 
compensate all gradual changes in the outside world, thus 
rendering the thread of life continuous through beings more 
diverse than any that we yet know.—American Naturalist. 


ON THE SOFTENING OF MAGNESIA-HARD 
WATER. 


By J. Grossmann, Ph.D. 


I wave lately had an opportunity of making some experi- 
ments on the softening of coented magnesia-hard water by 
Clark’s process. Although from a theoretical point of view 
there is no reason why such water should not be softened as 
easily as ordinary (lime-)hard water, it was thought con- 
venient to try the experiment on a somewhat large scale, 
especially as I have not been able to find that any experi- 
ments on the softening of magnesia-hard water have been 
published before in detail. 

The water in question is pumped from a colliery at Col- 
lins Green, near St. Helens. The bottom of the well is 
about 961; yards from the ground, and T give for com. 
pleteness sake the different strata, as well as the quantity 
of lime and magnesia per hundred, which hydrochloric acid 
dissolved out of them, the samples being previously dried 
at 240° F, 

P.c. CaO. MgO. Yarda. 
Depth of alluvium and clay from 


surface of ground to top of the} — = 7 

red sandstone. ) 
New red sandstone...... 0-24 
Yellow sandstone 0-10 0°22 13 
Compact red sandstone ...... .. 4°72 0°37 12 
New marl or metal........ eer 0°52 6 
Coarse porous red sandstone..... 1°88 027 13 
Coarse red sand,.....+. 0-72 0:32 


This water is organically very pure and contains only 
smal! quantities of chlorides and sulphates. The hardness 
is almost entirely temporary, though in estimating the per- 
manent hardness it is sometimes difficult to remove the lime 
and magnesia by boiling. I may as well point out in this 
place a common fallacy, which is that hard water by being 
boiled before being used for domestic purposes becomes soft, 
As it is generally only heated to boiling just before being 
used for washing or cooking 1t makes not much difference 
in the hardness of the water. The following is taken from 
the sixth report of the Commissioners appointed in 1868 to 
inquire into the best means of preventing the pollution of 
rivers. Thirteen samples of water drawn on thirteen differ- 
ent days from the kitchen boiler of a dwelling bouse, and 
from that of the Atheneum Club, were found to be 
usually nearly as hard as the cold water with which those 
boilers were supplied, as is seen from the following re- 
sults : 


Hardness of Hardness of Hardness of Hardness of 

cold water. hot water. cold water, hot water, 
3°6 15°4 
14°4 139 159 
14-4 13°4 119 
146 11°6 18.7 
146 76 18°7 18°6 
11°7 184 


I boiled Collins Green water that tested 27°8° total hard- 
ness in an ordinary tea-kettle for five minutes, and even that 
exceptionally temporary hard water tested then still 17°6° 
total hardness. The experiments for softening this water 
by Clark’s process were made in two series; in the first milk 
of lime was used, and in the second lime water. The milk 
of lime was prepared by mixing 5 lb. of slaked lime of 70 
per cent. CaO with 6 gallons of Collins Green water. In 
performing the softening of the water the milk of lime was 
gradually added to the water during the operation, the 
mixture being well agitated during the whole experiment. 

In three experiments the hardness was reduced from 23°3°, 
which the water tested originally, to 5°0°, 5°5°, and 5°7°. 
The total solids were reduced respectively from 33°9 to 13-0, 
33°6 to 12°2, and 33°6 to 13°6 grs. per gallon. The softened 
water, after it had been standing in stoppered bottles for a 
few days, formed a little deposit, and its hardness was then 
85° in all cases. The analysis showed that then the lime 
had been reduced from 9°13 to 1°62; the magnesia from 5°23 
to 0°23 gr. per gallon, 

There were used on an average 1,465 gallons of water to 
3°5 lb. of CaO, corresponding to 2°67 Ib. of lime of 90 per 
cent, per 1,000 gallons. Theoretically to precipitate the 
lime and magnesia as far as I have done in my experiments 
would require 2°31 Ib. of CaO per 1,000 gallons, 

The experiments for softening with lime water were car- 
ried out in a similar way. A measured quantity of the lime 
water was put into the mixing tank, and the Collins Green 
water run into it until nearly all the lime of the former was 
taken up, which in these experiments as well as in those 
with milk of lime was ascertained by the well-known silver 
test. The mixture was well agitated during the whole ex- 

eriment. A great advantage in working with lime water 
is that it requires less agitating than working with milk of 
lime. 

In four experiments the hardness was reduced from 23°3°, 
which the water tested originally, to 3-5’, 3°3°, 3°5°, and 3°5e. 
The total solids were reduced respectively from 34°3 to 12-0, 
34°4 to 11°2, 34°6 to 12°0, and 34°7 to 11°2. The lime had 
been reduced from 9°07 to 1°67, and the magnesia from 5°24 
to 0°18 grs. per gallon. 

There were used on an average 1,670 gallons of water on 
530 gallons of lime water, which latter having been exposed 
to the air for some time before being used tested only 60 grs. 
CaO per gallon. This corresponds to one volume of lime 
water of 60 grs. CaO per gallon to 3°15 volumes of Collins 
Green water, or corrected to 99 grs. of CaO per gallon, 
which strong lime water should contain, the proportion of 
lime water to Collins Green water would be 1 to 4°72. This 
result is not quite correct, as the lime water had undergone 
a further susceptible decomposition while lying in the mix- 
ing tank; so that at the time of its action on the Collins 
Green water it contained less than 60 grs. CaO per gallon. 
Both in working with milk of lime and lime water the 


| 


SCIENTIFIC AMERICAN SUPPLEMEN', No. 


e agitation was sus- 


(lime-)hard water. 
I wish 


that description cannot be relied on in any way. Mr. 
Wanklyn, in his book *‘On Water Analysis,” says that mag- 
nesia takes up as much soap as 1!4 equivalents of lime 
would take up. If that were so the Collins Green water 
should have tested 35°9° total hardness, instead of 23°3°, 
which it gave on the most careful testing. It will be noticed 
that this is even less than the water would require if it con 
tained an equivalent of lime for the magnesia present; for 
the calculated hardness would then be 29°4°. It appears to 
me that in the case of magnesia hard water a determination 
of the lime and magnesia is the only means of showing the 
quality of the water. On the other hand, I quite agree 
with Mr. Wanklyn in putting little reliance on the distinc- 
tion between temporary and permanent hardness, unless the 
estimations have been performed very carefully; and there 
are cases in which, even with the most careful working, 
figures for temporary and permanent hardness may be got 
which are not trustworthy.—Chemical News, 


THE INTRAVENOUS INJECTION OF AMMONIA. 


By Gaspar Griswo.p, M.D., House Physician to Bellevue 
Hospital, New York. 


Durine the winter of 1877-78, while serving as assistant in 
the physiological laboratory of Bellevue Medical College, I 
made a number of experiments upon dogs with reference to 
the action of intravenous injections of ammonia. For this 
purpose I used the ordinary aqua ammonia (containing ten 
per cent. of ammonia gas), diluting it with an equal bulk of 


water, This solution, if dropped upon the tongue, is highly | 


pungent and irritating, but does not vesicate, the stinging 
sensation caused by it passing away entirely in a few min- 
utes. I chose for experiment dogs in whom the viscera had 
been exposed for purposes of vivisection, and who had be- 
come exhausted with loss of blood and the depression at 
tending the entrance of cold air into their thoracic and ab- 
dominal cavities. I waited, in such a case, until the heart 
had almost ceased to beat, its rhythm being disturbed, and 
its inefficient contractions no longer deserving to be called 
pulsations, I then injected into a convenient vein half a 
drachm of ammonia solution. After a period varying with 
the distance of the vessel selected from the heart, and with 
the rapidity of the circulation in the particular case, a 
change was observable. 

The heart had a moment before been dark and congested, 
its right cavities engorged, and the contraction of its 
fibers weak and uncertain. Suddenly the systole acquired 
a new energy, Which emptied the distended right ventricle 
into the lungs, and filled the aorta with fresh oxygenated 
blood; the heart itself became bright red again as the new 
supply flowed in through the coronary arteries. It is im- 
possible to do justice to the striking picture presented by 
these phenomena as they rapidly succeed each other beneath 
the eye of the experimenter. The circulation was almost 
immediately re-established, and the animal, if anesthesia 
were not too complete, moved and showed signs of life. In 
the course of fifteen or twenty experiments I never failed to 
obtain the result above described. 

In my wards in Bellevue Hospital, I have several times 
injected one drachm of ammonia solution into the veins of 
patients apparently moribund, and have always succeeded 
in stimulating them much more powerfully than I could do 
by other methods. The prompt and marked effect in some 
sases is almost startling to those who have been accustomed 
to see hypodermic injections of whisky and ether, inhala- 
tions of nitrite of amyl, ete., employed to no purpose under 
similar circumstances, 

On one occasion a man came in a great hurry, having been 
notified that his brother was dying of phthisis in one of m 
wards. Notwithstanding his haste, the sick man was al- 
ready moribund and unconscious when he arrived. Pit ‘ing 
his disappointment at being too late for a few last words, 
injected a drachm of ammonia solution into my paiient’s 
cephalic vein, In five minutes the man who had appeared 
almost dead was sufficiently restored to speak, and haif an 
hour elapsed before he again became unconscious. The ef- 
fect of the stimulant was so marked that [ had some diffi- 
culty at first in convincing the astonished visitor that his 
brother had not “taken a turn and was getting well 
again.” 

Case.—Man forty-five years of age, with cirrhosis of liver 
and ascites. Has been tapped three times, fluid reaccumu- 
lating rapidly; has grown weaker very fast during the past 
three weeks; now dying of asthenia; unconscious; pulse 
scarcely perceptible; surface cold and moist. 

Ist. Six half drachm doses of whisky administered hypo- 
dermically. No effect. 


2d. Six half drachm doses of ether administered hypo- | 


dermically. No effect. 

3d. Inhalation of ammonia. No effect. 

4th. Inhalation of nitrite of amyl. Slight increase in 
force and rapidity of pulse No sign of returning con- 
scidusness, 

5th. One drachm of ammonia solution injected into a 
superficial vein of forearm. In twenty seconds increased 
action of heart. Pulse good at wrist. In three minutes 
patient answered incoherently something about being un- 
comfortable, and tried to turn on his side. Could be roused, 
and his attention attracted, for about fifteen minutes; then 
became unconscious again. Died half an hour later. 

Case.—Moribund from phthisis. Unconscious ; heart 
acting he | feebly. Intravenous injection of ammonia 
caused the heart to act vigorously, and partially restored 
consciousness for about ten minutes, 

Three cases, like the last, presenting no feature worthy of 
— description, but important as corroborative evi- 

ence, 

The next case deserves more careful attention, being the 
first in which 1 have been able to observe the patient long 
enough to satisfy myself that no bad effects follow the in- 
jection of ammonia directly into the circulation. 

Hester Mahar, aged forty-seven, Irish; single. Admitted 
to Bellevue Hospital, April 29th. On admission there was 
ascites, which had commenced a month before, and was pro- 
bably due to cirrhosis of the liver Right pleural cavity 
nearly full of fluid, heart displaced to the left. No evidence 
of cardiac or renal disease. Patient very weak, and com- 
pelled, from dyspnea, to maintain a sitting posture. Abdo- 


softened water settled perfectly clear after three to five ' men tapped, seven quarts and eight ounces of clear serum 
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withdrawn. Patient much relieved. Stimulants and nu- 


tritious diet ordered. 


Almost unconscious. Cannot be 
made to notice anything, or swallow what is put to her lips. 
Fluids poured into her mouth run out again. Eyes vacant, 
pupils dilated; jaw fallen; tongue dry and brown. 

Thoracentesis performed with the assistance of three mem- 
|bers of the house staff. Ninety ounces of clear serum 
drawn off. 
| During the cperation, which lasted about twenty min- 
utes, fifteen or twenty half drachm doses of whisky were 
administered hypodermically. In spite of these efforts at 
| stimulation, the pulse, which had before been weak, disap- 

peared entirely at the wrist. The impulse of the heart could 
searcely be felt over the precordia, and the respirations 
were shallow and ineffectual, not seeming adequate to the 
inflation of the lung just relieved from the pressure of 
fluid. The condition of the patient was so unpromising that 
my colleagues of the house staff, who had been assisting me, 
were of opinion that she was dying, and that further treat- 
| ment was useless, and even absurd. Expressing themselves 
| to this effect, they left me, giving up the case in their own 
minds, and taking no further interest in the matter. While 
I was obliged to admit that the case was hopeless, judged 
| by ordinary standards, and beyond the reach of ordinary 
stimulants, I could not help feeling that heroic measures 
were specially indicated. The source of trouble—fluid com- 
pressing a lung and displacing the heart—had been removed; 
if the patient could be stimulated to breathe deeply, and 
profit by its disappearance, there seemed to be good reason 
to hope for her recovery. 

Selecting a prominent superficial vein in the radial re- 
| gion, I exposedit by an incision through the skin. I then 
injected slowly into it a drachm of ammonia solution, tak- 
ing care that the point of the hypodermic needle was free 
in the lumen of the vessel. This done, I placed my hand 
| over the patient’s heart and waited. In fifteen seconds I felt 


a marked increase in the force of pulsation. In about two 
minutes there was a strong pulse of a hundred, which was 
plainly _ at the wrist. A minute later the patient 
| sighed deeply; the color came back to her lips; her eyes 
moved and began to show signs of returning intelligence. 
On being urged, she swallowed without difficulty two 
ounces of strong egg-nog. After a few deep inspirations, 
she breathed more regularly and easily; her pulse was strong 
and tense, ranging between 100 and 110. Half an hour 
afterward she was perfectly conscious, and reported herself 
comfortable, though weak. Pulse 90, regular and strong. 
Respirations 26, easy and natural. Swallowed easily and 
willingly small quantities of eggnog. During the after- 
noon and evening patient continued to improve. Pulse 80- 
90, and strong. Respiration 2(-30, and easy. Patient 
passed a good night, sleeping most of the time. Was bright 
and refreshed in the morning. 

May 7th.—Steady improvement since last note. Sat up 
for two hours to day and ate a Jamb chop with relish. 

May 17th.—Patient sits up nearly all day and is gaining 
strength. 

N. B.—Improvement has been uninterrupted since the in- 
jection of ammonia. No depression has been observed fol- 

owing the stimulant action of that remedy, nor has there 
occurred an unpleasant symptom which could be attributed 
to it. 

The cases described seem to satisfactorily establish: 

1. That the intravenous injection of ammonia is a prom 
and powerful means of stimulation, acting efficiently in 
cases where other measures are of no avail. 

2. That no bad effects follow its employment. 

While the importance of the above deductions is obvious 
asa matter of general therapcutic interest, they seem to 
have a special significance in connection with those opera- 
tions whose object is the removal of mechanical obstruc- 
tions to respirations—I mean thoracentesis, and more parti- 
cularly laryngotomy and tracheotomy. Thoracentesis is not, 
perhaps, very often an emergency; but laryngotomy and 
tracheotomy, done in cases of croup, edema glottidis, cte., 
| generally fail to save life, because performed too late—the 

patient being too much exhausted to breathe in the air for 
| which a new entrance has been made. Artificial respiration, 
hypodermics of whisky and ether, cold affusions, etc., are 
resorted to in vain in many instances—the machinery of life 
cannot be set in motion again, and the cases die for want of 
efficient stimulation. Now, would not the intravenous in- 
| jection of ammonia, in connection with artificial respiration, 
save many of these patients? It being proved that the treat- 
ment is without danger and followed by no bad effects, this 
question should not long remain unanswered. 

In conclusion, I would call attention to the fact that it is 
| not easy to perform intravenous injection through the skin. 
The vein collapses under the necessary pressure, and the 
needle is apt either to stop short and not enter the vessel at 
| all, or to transfix it and direct the injection into the cellular 

tissue beyond. The only safe method to pursue is to dis- 
sect down upon the vein and expose it; the needle may then 
be carefully introduced until the point is felt free in the im 
terior of the vessel.— Medical Record. 


REMARKABLE FIRE CAUSED BY LIGHTNING. 


In the storm of June 11th, at 10.30 A.M,, lightning struck 
on the extensive wharf, of 1,000 feet front on the Schuylkill 
river, at the petroleum refinery of the Atlantic Refinery and 
Storage Co., located at Point Breeze, about four miles south 
of Market street, Philadelphia. This company has the 
most extensive petroleum refinery in the United States, and 
perhaps the largest in the world. Some accounts state that 
the electricity first struck the can store-house on the wharf. 
Others, with more probably correct statement, declare it 

| struck first an immense pile of about 30,000 tin cans con- 
taining refined petroleum, exposed uncovered on the wharf, 
ready forshipment. Each wooden case contained two five 
gallon cans. 

| The American Exchange and Review says: The pile of cans 
was more probably the point of origin of the fire, because 
there was in it a great mass and large surface of metal to 
attract electricity, while all the buildings and tanks were 
well protected by lightning rods. 

There was, of course, the usual percentage of leakage 
from the cans, and we think it probable that the light vapor 
from the petroleum, which rises to a great height, formed 
the conductor which directed the lightning to the cans.] 
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tion: while the silicious brain und the asbestos nerves quiv- 
' ered with sitions of pleasure for « denied to us com- From these experiments it follows that magnesia-hard | May ist.—Patient very weak. Does not seem to suffer 
i water softens as well and as easily by Clark’s process as | much from dyspnea, though the right side is nearly full. 
| Considered advisable to postpone thoracentesis until the pa- 
ee. that in my opinion, with our | tient is stronger. — p 
present knowledge of the behavior of magnesia-hard water| May 3d.—Patient still very weak. Dyspnea not 
oward soap solution. the hardness test in cases of water of marked. 
| May 4th.—Calledby nurse to see patient. Found her 
breathing very little; weakness seeming tc obscure the ex- 
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The fire spread rapidly all over the wharf to the large | despite the minor defects incident to a first attempt of this | panion, Capello, and have been constantly used by him since 


acking and store houses and the superintendent’s dwelling. | 


kind. It was evident that upper tones in moderately rapid 


our departure from Benguella, which circumstance rendered 


hough great efforts were made to save the ships and | enunciation are transmitted more clearly than chest tones | him the only person competent to manage the said instru. 


barks lying at the wharf, five of them were consumed, 
two having full cargoes of oil on board. 
pump-house five or six large steam-pumps in excellent order, 
and there was no scarcity of water. Among the buildings | 
and fixtures the fire burned over about 25 acres of space, 
covering the neighborhood for miles with dense black | 
smoke, and the flames were not under control until about 5 
P.M. A force of 40 men fromthe neighboring city gas 
works succeeded in beating back the flames from the piles 
of bituminous coal—partly with water, but mainly by shov- 
eling earth upon them. This saved the gas works and 
tanks, 

Only a small portion of the buildings, but many of the 
most valuable fixtures of the Atlantic Company were saved. | 
Fortunately several large tanks containing 30,000 barrels | 
each of petroleum, and partly sunk in the earth, escaped, | 
though 12,000 barrels in a similar tank very near them | 
were consumed. The destruction was about as follows: | 

Five ships and barks, owned in Europe; value, with 
two cargoes, say $125,000. 

30,000 5-gallon cans of refined oil onthe wharf. 

One story packing house, 80x80 feet, and contents, 

Two story can, soldering, and storage building, 50x100 
feet. 

Three story brick dwelling of superintendent. 

One story frame cooper shop, 120x300 feet. 

Boiler house. 

Two story store house on wharf, 80 feet long. 

Pump house, with 5 or 6 iarge steam pumps. 

Many minortanks full of oil, refining stills and boilers, 
and innumerable fixtures. 

About 40,000 empty barrels were burned, and 20,000 were 
saved by the Schuylkill harbor police. The tugs New Cas- 
tle and Churchman saved the large bark Magnum by tow- 
ing her downstream. Various other vessels were saved. 

It is stated that there was no insurance on the property of 
the refinery; $50,000 having expired last autumn and not | 
renewed. The ships and cargoes were insured in part in| 
Europe. The steam pumps and two stand pipes and 400 
feet hose were all in good working order, but the fire so soon 
burned the pump house that the pumps were of no use. 

The fire at the works of the Atlantic Retining Co., though 
subdued among the buildings on Thursday, the i2th, con- 
tinued to burn among the cargoes of the ships Huron and | 
Ilion. Aneffort was made on the 13th to tow the latter on | 
to the mud flats of the western shore; but, by a sudden lurch | 
of the burning vessel—she breaking in two—several hundred 
unburnt barrels of petroleum rose from her hull, ignited, 
and exploded. Instantly the river, for a long distance, was 
covered with blazing oil, so that the tugboat, Wave, escaped 
with difficulty. A strong westerly breeze blew the flames to 
the wharves of the Atlantic Petroleum Storage Co., on the 
east bank of the river, and these wharves and many sheds | 
and their contents were burned. One storage shed was 500 
fect in length, and contained a tank holding 500 barrels oil, 
and there were besides 1,000 barrels ready for shipment, 
The flames soon reached the sheds of the Empire Storage 
Company, and destroyed 40,000 empty barrels. Then 1,000 
cords of pine wood, belonging to Lecompte & Perkins, were 
burned, and many thousand feet of rough planking. 

About 2,500 feet of wharfing were consumed in this second 
fire, and all the losses in the two cannot be much short of 
$1,000,000. The oil continued to burn in some places, and 
on board the two vessels during June 14th and 15th. Seve- 
ral minor fires commenced in various places of the neigh- 
borhood, but were fortunately extinguished, and the great 
oil tanks, which were in such peril, and 200,000 barrels of 
oil at Point Breeze, were saved from destruction. 

The wisdom of locating petroleum refineries and store- 
houses a long distance from the built-up portion of the city, 
is fully shown by this catastrophe. 


A CALIFORNIA TELEPHONE CONCERT. 


YESTERDAY, at the residence of F. B. Rae, chief operator 
at the Western Union Telegraph office in this city, a tele- 
phonic concert was held between Sacramento and Marys- 
ville (48 miles) and Red Bluff (155 miles). At Sacramento 
Mr. Rae was director, and managed the whole line also. At 
Marysville operator James McConaugiy, and at Red Bluff 
operator D. W. Frank were directors. At this end of this 
long concert there were gathered some twenty ladies and 
gentlemen. The instrument used was the Edison carbon 
telephone. At Sacramento there was one transmitter, and 
it was supplemented by sixteen receiver instruments. There 
was a great deal of talking back and forth between the 
stations to get everything in readiness, and then it was 
found that by induction the rattle and tap of telegraphic 
instruments were heard working on other wires which ran 
on the same poles. After a time this difficulty was in the 
main overcome, and but one other intervened which could 
not be removed; that was, interference by persons at other 
stations along the route, who have telephones and tapped 
the line in order to hear the concert, thus weakening the 
effect and occasionally making breaks. 

When everything was in readiness Messrs. Cooley, Put- | 


nam. Thompson and Freeman stepped close to the trans- | un 


mitter tube. Mr. Cooley sang into the transmitter tube, 
while the others held the receivers before their lips, some 
two inches away. They sang the beautiful serenade ‘‘ Sweet | 
and Low,” and Red Bluff and Marysville spoke back their 
appreciation, at the former place the song being heard and 
every word made clear; at the latter it was not so distinct, 
though the entire melody was followed and recognized. The | 
programme—which was neatly written by the electric pen, 
and copies of which were furnished all present—was then 
carried out as follows: Red Bluff—cornet solo, ‘‘ Then You'll 
Remember Me.” Marysville—quartet, by Miss Murray, 
Mrs. Davis, Mr. Stratton and Mr. Davis. Sacramento— 
“ Roll, Mighty Ocean,” bass solo by J. H. Thompson. Red 
Bluff—‘‘ Why dost Thou Linger yet?” soprano solo by Miss 
Florence Seperly. Marysville—cornet solo by Mr. Donovan, 
‘Scenes that are Brightest.” Sacramento — “ Douglass 
Tender and True,” mezzo-soprano solo, Miss Alice Wilsey. 


Red Bluff—quartet, ‘‘ Dancing Over the Waves.” Marys- 
ville—Duo by Messrs. Stratton and Davis. Sacramento— | 
Anthem, ‘‘God in Mercy,” Orpheus Club. Red Bluff—| 


** When the Starlight,” solo by Mrs. F. J. Mayhew. Marys- | 
ville—quartet, Messrs. Stratton, Cutter, Davis and Lewett. 
Sacramento—‘‘ Thy Sentinel am I,” solo by W. R. Free- 
man, baritone. Red Bluff—‘‘ Waiting,” solo by Miss Jennie 
Beecher. Sacramento—‘‘I Know a Maiden,” quartet, Or- 
heus Club. Red Bluff—‘‘ Jehovah’s Promise,” solo, Mrs. 

mma Frank. Sacramento—Piano solo, ‘‘ Martha,” by | 
Miss Gertie Gerrish. Sacramento—Chorus, sixteen voices, 
“The Doxology.” The concert was a pronounced success, ' 


|or any in slow time. 
There were in aj necessary. The metallic, ringing and clear cut tones of the | his observations. 


'rating. The country and ourselves would be gainers by 


Strong, full, distinct enunciation is | 


cornet are very easily and perfectly transmitted. Concerted 
pieces acquire a peculiar softened and pleasing character by 
transmission by the telephone. The piano is clearly heard 
by placing several receivers over the sounding board. Some 
of the songs were heard at Marysville so clearly that it 
seemed as if the singers were in the next room, and it was | 
not necessary to place the receivers close to the ear. At | 
Sacramento it was necessary to press the receiver upon the | 
ear, and the tones from Red Bluff were attenuated and | 
sounded from so far away that the mind thought of them as | 
if in the bowels of the earth, though every note could be | 
heard. From Marysville the tones came very full and strong, 

and the laughing, applause and movements in the room 

could be distinctly heard. During the concert the outer 

plated metal of the transmitter became so hot one could 

scarcely touch it, so powerful was the electrical current.— 

Sacramento Record- Union, June 2. 


RECENT EXPLORATIONS IN AFRICA. 


Tue Lisbon correspondent of the London Standard sends 
the following interesting description, under date of Lisbon, 
June 20, of the lecture given in that city by the African ex- 
plorer, Major Serpa Pinto, describing his recent travels: 

The lecture was delivered in presence of his Majesty Dom 
Louis, the King’s father, Dom Fernando, the diplomatic 
body, and élite of Lisbon society. The large salon of the 
Trinidade Theater was chosen for the occasion. After a 
few introductory remarks by the Minister of Marine, Serpa 
Pinto began his lecture: 

GENTLEMEN AND Lapres: I - leave to say a few words 
before entering on my subject. arrived not many days 
ago, and have scarcely as yet had time to greet my own 
friends. I am quite unprepared for this lecture, and, there- 
fore, trust that you will all be indulgent to me, because I 
lay no claim to being an orator, and also because I cannot 
trust very much to my memory. As you well know, it is 
two years since I bade farewell to the Geographical Society 
of Lisbon, and started with two companions, both intimate 
friends. We arrived at Loanda, and met with the usual 
difficulties to be encountered, both on the West and East 
Coast, when it is a question of organizing an expecition to 

enetrate into the interior. Perhaps it is easier to do so at 
| mes than at any other point, but even there it is diffi- 
cult to obtain the number of carriers required for such an 
expedition. Yet it is easier, because frequent expeditions 
have started from there, and the natives are accustomed to 
accompany explorers, 

When we made our appearance at Loanda ard Benguela 
none of the natives (even the seven that you now see on the 
platform here) could understand what our object was. As 
they thought of nothing but trade, and observed that we 
were not going to barter goods for ivory, wax, or India rub- 
ber, they attributed our conduct to sorcery, and fled from 
us. So that the contracting of carriers, in doing which a 
merchant experiences no difficulty, became a difficult opera- 
tion. The Governor-General, Senhor Caetano d’ Albuquerque, 
demonstrated the complete impossibility of entering through 
Loanda, because the Public Works expedition, most ably 
directed by Major Gorgas, although possessing an enormous 
number of carriers, could not find sufficient to satisfy the 
exigencies of the service. This circumstance caused me to 
turn my attention completely from the north, and led me to 
direct our march from the Zaire, for the purpose of obtain 
ing carriers there. I donot know whether I should have 
found any there; I think not. I, however, met with Stan- 
ley, who was returning from his journey. After this we 
were immediately obliged to modify the plan of our expedi 
tion, for the intentions of his Majesty’s Government were 
that we should survey a great part of the Zaire. Now, this 
river was already surveyed, and we had nothing further to 
do there. We turned our attention southward, because, in 
conformity with the law of the 12th April, 1877, we were to 
survey the hydrographic basins of the Congo and Zambesi 
and their relations. 

The problem was too vast to be intrusted to one sole expe- 
dition. My companions and myself then thought of sepa- 


this, because three explorers or more, as has been proved by 
repeated examples, have greater scope for conversing, for 
discussing events that have occurred during the day, and on 
account of such conversations and discussions write little 
for the benefit of the public. All expeditions that have 
been composed of a great number of explorers have been 
poor in results. Dr. Bastian, leader of the expedition to 
Africa, an expedition one of the richest in resources, and 


ments and to give science a true and satisfactory account of 
When separation was resolved on, Ivens 
at once exclaimed, ‘‘The abbas is mine!” Capello also 
chimed in, ‘‘ The terrestrial magnetism instruments belong 
tome.” Iat once made answer that there was no opposition 
on my part, because I could not place myself on a par with 
—f companions in the management of those instrumenis, 
The consequence of this was that a collection of sextants fell 
to my lot. Finding myself alone, I began to think of the 
course I was to follow. 1 had a sextant that gave me 150°, 
but this sextant on the artificial horizon, which, as is well 
known, counts the angle twice, did not give me mere than 
75°. Now, in order to be able to take at any point a lati- 
tude with my sextant, which did not give more than 75°, it 
would be necessary to be at 15°, and not more, distant from 
the sun, I, therefore, resolved on following a course that 
would remove me from the tropical region, and permit me 
to take latitudes by the sun at midday, an hour when I was 
not fatigued. I communicated this to my companions, and 
it was agreed that I should proceed to the east, because in 
that latitude I could still use my instruments. They, as they 
had instruments with which they could take latitudes even 
at the equator, resolved on starting northward. This course 
being decided on, we immediately advised his Majesty’s 
Government of our resolution. 1 think, then, that I have 
clearly defined my position with respect to my companions, 
The itinerary of their journey, and also that of mine, were 
not the result of a caprice, but of a scientific decision, be- 
cause I could not work if I went to the north; I] was in want 
of the means which they eee On separating, it was 
very natural that I should receive a third jest of the re- 
sources. In fact, this division took place. My companions 
who, through il] health, had combined to render each other 
mutual assistance, grew strong afterward, while I fell ill—a 
thing most natural in Bihé. No, itis not natural in Bihé, 
because the climate is good. Bihé is the point which offers 
most elements for civilization, and perhaps for the deciding 
of the future of our Central African colonies. But the fact 
is, I fell sick at Bibé, which obliged me to stop there a lon 
time. Besides these seven blacks that remained with me, 
then had nine more from Benguella. I was obliged to pro- 
vide food for all. I was accustomed to buy an ox when I 
wanted a beefsteak and wished to give food to my people. 
The result was, as is evident, great expense, and in a short 
time—viz., the three months my malady, a rheumatic fever, 
lasted—my resources were almost exhausted. When my 
critical situation was known in Benguella, the Governor and 
some merchants sent word that I should want for nothing, 
but I did not avail myself of their generous offer. Benguella 
was far off; it was March; it was either necessary to start 
or abandon the enterprise. At last one day I resolved on 
departing with the little I had, and wrote three farewell let- 
ters to Europe—one to Government, another to Dr Baeage, 
President of the Geographical Society, and a third to Senhor 
Luciano Cordeira, Secretary of the Society. 

If anything could 1ender me vain it would have been my 
departure from Bibé. I was seriously ill on the occasion, 
and full of thoughts of home. One of my blacks, seeing I 
was delirious, bled me freely. My exhibition was conse- 
quently organized when I was in an extreme state of weak- 
ness and prostration. The residence of Senhor Silva Porto, 
which was kindly placed at my disposal, threatened ruin. 
I was therefore obliged to quit it and take up new quarters. 
The blacks that I had contracted as carriers now fled from 
me, thinking that the object of the expedition was to sell 
them for slaves. In the month of May, being aided by the 
blacks I had brought from Benguella, I began to organize a 
new expedition. One of the greatest difficulties experienced 
by African explorers at the present day results from travel- 
ers making use of the Portuguese flag who have no right or 
claim tothe name of Portuguese. The celebrated José Alves, 
of whom Cameron speaks, was born to the east of Cassange, 
and had not a drop of white blood in his veins. Stanle 
had to fight his way during a great portion of his expedi- 
tion. A great number of the tribes I met with had no idea 
whatever of religion. All, however, recognize and respect 
one great power in the universe, viz., the King of Portugal. 
I was always well received wherever I mentioned the King's 
name. When my funds ran short! refrained from mention- 
ing the King of Portugal’s name for shame’s sake. Ido not 
consider that African exploration is attended by any insur- 
mountable difficulty. Iam convinced that any Portuguese 
could do what I have done. I paid my blacks the following 
rates. The ‘‘ longest” received 4,500 reis, the shortest 3,000 
reis monthly. They knew that they were perfectly free, and 
might depart when they wished, but they were attached to 
me. The interpreter was Verissimo Gonzales, He is very 
intelligent, speaks the dialects of Benguella and Sesuto, 


which tried to penetrate from the West to the East Coast, 
had seven companions. He chose the Zaire for the point of 
departure, delayed two years at the mouth of the river, re- 
turned to Europe without having advanced a step, and com. | 
municated nothing, or next to nothing, to the Geographical 
Society of Berlin, because those seven explorers, as they had 
much to talk about, neglected writing It is, therefore, al- 
ways advantageous to diminish the number of explorers in 
nown countries, because as one man alone has nobody 
to whom he can communicate the whole of his thoughts, bis | 


| daily impressions are transmitted to writing. The labors of | 


solitary explorers are, as a rule, much richer than those of 
explorers who travel in company. This was the chief cause 
that made me form the resolution of separating from my | 
companions, who departed in company. Separation having 
been resolved on, another point had to be discussed, viz., the | 
roads we were to take. I believe that here in Portugal some | 
one imagined that differences had arisen between me and my | 
companions. Perhaps there was some truth in it. When | 
three men join company in Africa, under such an atmo- 
spheric pressure as exists there; when for meat they have | 
Indian corn or (alpesta) canary seed, and for drink, water | 
from the marshes, nobody can be surprised that a little alter- 
ation should take place in their characters. I believe that 
after a certain time, and after having said to each other what 
we had to say, we mutually hated each other, although, | 
when a wall separated us, we were at heart most intimate | 
friends. 

Ivens, one of the most intelligent young men that I know, 
one of the most daring and best humored youths that I have 


ever met with, had from the very beginning devoted bim- 


self to the instrument “abbas,” wich M. Abbadie had 
kindly supplied us with. Senhor Ivens worked it with great | 
facility. had not even examined it. Senhor Capello, be- | 


| sides other branches to which he devoted his attention, had | 


applied himself to the study of terrestrial magnetism, a study | 
completely new in South Africa. The instruments lent by 


Capt. Evans, of London, were in the possession of my com 


which were taught him by a Parisian lady who resides in 
Africa. On my departure from Bihé, I called one of the 
blacks [the black referred to is named Catraio, and stood 
near the explorer during the Jecture], and said to him, ‘‘ Do 

‘ou see those instruments that make a noise, that move 
[the chronometers}? Well, you must never let them stop, 

ring them to me every day, so that I may keep them al- 
ways going. The day that you forget to bring them to me 
you shall be roasted alive on a spit.” 

Poor Catraio thought 1 was serious, and, as if he himself 
were a chronometer, punctually wound up the chronometers 
from that day forward. On one occasion, suffering from deli- 
rium, burning with fever, after a hard combat, and a few 
minutes before having to confront a serious danger, I saw to 
the chronometers, carefully comparing them. We were 
soon afterward attacked by surprise by a numerous band of 
savages; my baggage was captured, and likewise my chro- 
nometers, which the enemy carried with them in triumph 
across a broad stream. While I was lamenting the next day 
over the misfortunes of the eve, Catraio, to my profound 
astonishment, suddenly appeared, his countenance all radi- 
ant, and holding up a chronometer in triumph. On being 
questioned he confessed that he had swam across the stream, 
traced the whereabouts of our enemies, and the spot where 
they had deposited their plunder. Watching his opportu- 
nity, he secured his friend the chronometer, to whom he is, 
doubtless, still grateful for having saved him from the inglo- 
rious fate of ending his young days by being subjected to 


the culinary process above mentioned. 


Let us now proceed on our journey from Benguella to 
Durban. I should not think of inviting the ladies to accom- 
ny me, for modesty would prevent it. I shall continue in 
rief terms. Benguella is situated in 12° 30’ south latitude, 
and is a city of which all speak badly, but which, after all, 
is not so bad as is represented, for persons who have been 
attacked with fever in Mossamedes go to Benguella to be 
cured. I do not mean to say by this that Benguella is a par- 
adise, but it should be borne in mind that many places in 
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Africa that bear a terrible name in Europe are not so bad as 
they are painted. Benguella cannot be considered as a bad 
region, for though there is a scarcity of good water in the 
town itself, excellent water is obtainable in the wood of 
Cavaco close by. It is, however, true that the blacks who 
go in search of the precious liquid are sometimes devoured 
by wild beasts. The expedition left Benguella by a road 
entirely different from that followed by Cameron. In my 
opinion the most precise and accurate observations taken in 
South Africa are due to Cameron, Cameron was fully aware 
that explorere should have in view something more elevated 
than meeting with adventures which may be interesting as 
narratives. Cameron, therefore, always strove during his 
travels to be in a position to observe with exactness, One 
of the reasons which decided our itinerary, after leaving 
Benguella, was the presence of Anchietta at Caconda. The 
expectation of meeting with the celebrated Portuguese nat- 
uralist caused us the greatest pleasure. Men who expose 
themselves to such privations may be permitted to enjoy a 
pleasure of this kind Anchietta has been 12 years in Africa, 
and has enriched one of the best African museums in the 
world, that of the Lisbon Polytechnic School, which is under 
the direction of Dr. Bocage. The observations taken at 
Quillengues and Caconda convinced us that there were 
errors of more than 30 miles in the maps that have been pub- 
lished. The map of the Marquis de 84 da Bandeira, while 
correct in the fixing of certain positions, contains numerous 
and important mistakes through not having been drawn up 
from exact observations. The third day of our journey was 
the second that we passed without water. In the night the 
cassimba (a heavy dew) fell. The blacks wrung the canvas 
of the tents to obtain water for the expedition. 

We continued in this way till we reached the valley of 
Dombe Grande, which is the granary of the Province of 
Angola, It was this valley of Dombe Grande that furnished 
supplies to the whole province during the three years’ 
drought. We then came in sight of caleareous soil, with a few 
hawthorns, and afterwards of Quillengues. Caconda is a for- 
tress in a position ably chosen by the ancient Portuguese, It is 
everywhere surrounded by rivers—permanent rivers—a very 
rare circumstance in Africa. Many of the rivers of Africe 
are eddying streams at certain periods, but at other times 
they disappear. Caconda, while holding an important posi- 
tion, has no commercial importance at the present day. It 
is, like all the Portuguese settlements in the interior of 
Africa, in a state of decadence. We here met with our wor- 
thy compatriot Anchietta in the woods, but who, notwith- 
standing, made his appearance wearing a white necktie and 
a dress-coat, and offered us tea in cups of porcelain of 
Sévres. On our arrival, Anchietta was hard at work with 
two microscopes, examining through one the cryptogamic 
plants, and with the other making observations in connec- 
tion with comparative anatomy. When Anchietta is not 
engaged in taking notes of the numerous collections of 
birds, insects, and reptiles that he has sent to the Lisbon Mu- 
seum, he may be found at home in his well-stocked library, 
occupied with his studies. The difficulty of obtaining car- 
riers still continued at Caconda. The chief of the district, 
who arrived two days after the expedition, had not the least 
influence over the people in this matter. L applied to the 
minor potentates of the vicinity, and they promised to aid 
me. I principally devoted my time to the procuring of car- 
riers, while my companions turned their attention to scien- 
tific investigations. I was the commander of the blacks. 
Now, in those regions seven Sobas, or chiefs, were at that 
time at war. Armed men were continually passing in all 
directions, and the consequence was that many carriers took 
to flight. My companions, Capello and Ivens, went north- 
ward to look for carriers, while | went straight to Bihé. A 
highway robber lived close by. At one time he attacked 
Quillimane, and when at war with the Portuguese, even 
reached Mossamedes. He, however, gave me a very kind 
reception, and furnished me with carriers. When he saw 
me taking the latitude of his house, he asked me if it were 
not true that the sun passed over him before it passed over 
the regions to the west, from which lL came. I explained to 
him brietly the bases of my observation, while the negro, all 
attention, seemed, by an expression of intelligence, to com- 
prehend my exposition. Before I reached Bihé the journey 
began to be particularly arduous. My resources began to 
fail, and on one occasion I fell into a river, in the very mid- 
dle, and had a long swim for life. Contrary to my expecta- 
tion, and contrary to all the maps that have been published, 
it was on this journey that | discovered the source of the 
River Cubango, to the west of Bihé, and shortly afterward 
two more affluents. Although I have used at times the 
words small rivers, the smallest in Africa were almost always 
enormous ones, It will suffice to compare on the map any 
of the African rivers with the large rivers of Portugul to be 
convinced of the ridiculous figure the latter present. The 
River Cuqueima, which the maps represent as an affluent of 
the Cubango, and which is in accordance with the opinion 
of Ladislaus Maggiar, | found, to my surprise, running to- 
ward the north. Forming a curve, it next flows from the 
north to the south-west, and thence toward the Quanza, of 
which it is an affluent. The Cuqueima marks the limits of 
the country of Bihé. The chief directly governs the prin- 
cipa) part of this territory, and has many neighboring chiefs 
subject to him, 

The history of Bihé is very recent. In a letter written by 
Pinharo Furtado in 1797, and published in 1823, we meet 
with the name of Bihé. Its origin is not of much older date. 
A young negro named Bihé, son of the chief of Humbe, on 
the River Cunene, went northward to Cassay, to hunt ele- 
phants, which are still to be found there in the vast equato- 
rial forest. There was only one free settlement on his way, 
governed by the daughter of a chief. From this Bihé, who 
married this northern Princess, sprang the nucleus of the 
settlement which is at the present day the true Portuguese 
boundary in the interior. The present chief represents the 
third generation of the offspring of the before-mentioned 
couple. Bihe is at present the point of confluence of all the 
African races of the south-west. Now, Bihé had two sons. 
To the elder belonged, as is the custom of the country, the 
governing of the —_ But the younger usurped his 
brother’s authority, and the latter went and applied to the 
Portuguese authorities at Loanda to support his just claims. 
The Portuguese governor—I regret that I cannot discover 
his name—supported those claims, and reinstated him, on 
condition that he and his should always afford protection to 
the Portuguese. Hence dates the Portuguese establishment 
in those regions. From that time forward the chief of Bihé 
never failed to take counsel of the representatives of the 
Portuguese Government of Angola. This latter custom has 
at present fallen into disuse, but it would not be difficult to 
revive it, 


Tue campus at Cornell is illuminated every night with 
electric lights at the expense of a cent an hour. 


|THE WILD WHITE CATTLE OF GREAT BRITAIN. 


Tne Rev. J. Storer, in a recent book published in Eng- 
land, gives some historical information likely to be useful 
to those who are interested in the breeding of shorthorns. 
He points out that white semi-domesticated cattle followed 
the human swarms who moved from the northern forests to 
overrun Europe. He gives the engraving below of what may 
be thought to have been the ideal of that bull which seems 
to have been, for them, now a terrible enemy of the forest 
depths; now a kind of incarnate heraldic standard under 
whose sign they fought with men; now as beasts of burden 
and of the commissariat, their most potent ally in the diffi- 
culties of the way. It gives what 300 years ago was the 
conception, if not the likeness, of the Bos urus, which, in 
turn, was the direct descendant in the middle ages, if not 
the actual reproduction, of the Bos primigenius of pre- 

|historic times, Mr. Storer then gives illustrations of the 


SUPPOSED “BOS URUS.” 


present cattle of the Russian steppes, of Hungarian ox 
teams, of the French Charolais, all of which he conceives 
to have shared the blood and to possess characteristics of 
the white cattle of the northern conquerors, 


KARL Koch. _ 


THERE are very few even among professed botanists, who 
avail themselves to anything like the extent they might do 
of the teachings of a garden. And yet for the study of the 
life history of plants, and for the due estimation of their pre- 
cise degree of relationship one to the other, a garden offers 
in some ways—in many ways—uorivaled opportunities. 

Karl Koch, whose death we Jately recorded, was one of 
the few who had a right appreciation of the resources of a 
girden and who knew how to turn them to account. His 
tall, attenuated form and keen eye were to be observed at 
most of the International Botanical and Horticultural Con- 
gresses which have been held in various continental cities 
and in London in 1866. Everywhere, by horticulturists as 
by botanists, his claims to high rank among his fellows and 
his title to respect and even affection for his personal quali- 
ties were acknowledged, so that it became a pain to those 
who saw him recently to notice his gradually failing powers 

}and to see how the old spirit was curbed and checked by 
impaired physical health. 

Karl Koch was born in Weimar, in June, 1809. In that 
little capital he came in contact, as a youth, with Goethe, 
and it was partly owing to his influence and advice that 
Koch made his visits to the Caucasus and various parts of 
Asia Minor. 
medicine and natural history at Jena and at Wirzburg he 
set out on his travels, his special objects being the investi- 
gation of the vegetation and an inquiry into the original 
sources of our cultivated fruit trees. After two years’ re- 
search he suffered so severely from the effects of sunstroke 
on Mount Ararat that he was obliged to return to Jena, but 
in 1843 he set out a second time for the East. Of his first 
journey an account was published in 1842, under the title of 

|** Travels Through Russia; of his second, in 1845, under 
that of ‘‘ Wanderings in the East.” A general account of 
| his travels may be found in the Linnea for 1848, in which 
publication also may be found catalogues and descriptive 
lists of the plants collected by him, together with remarks 


| on the geographical distribution of plants in the Caucasus, | 
On his return from this second expedition he be- | 
came Assistant Director of the Botanic Garden at Berlin, | 


ete, 


Secretary of the Prussian Horticultural Society, and, a few 
years later, Professor of Botany in the University. 

His position at Berlin gave him exceptional facilities for 
studying cultivated plants, and, accordingly, much of his 
botanical work consisted of monographs of Arads, Brome- 
liads, Agaves, and other plants, necessarily imperfectly pre- 
served in herbaria. Many such monographs are scattered 
through the Wochenschrift of the Berlin Horticultural So- 
ciety, and which was for many years edited by him. 

lis magnum opus, however, is his ‘‘ Dendrology ”"—a 
scientific description of the trees and shrubs cultivated in 
the forests and gardens of central Europe, a work for 
which his travels had well prepared him. For the pur- 
pose of compiling this volume Koch visited almost every 
country in Europe. All the great nurseries of the Con- 
tinent and of our country were also inspected by him with 
the object of study or of securing specimens. 

In private life Koch was beloved for his uprightness, 
loyalty, and warm-hearted devotion to his friends. — Nature, 


HISTORICAL SUN-DARKENINGS. 


Nort a few persons appear to have been much exercised 
by a prognostication emanating from an American source, 
whereby the public are forewarned of an approaching pe- 
riod of sun-darkening to extend over several days. History 


Shortly after he had completed his studies in | 
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$$ 


does recall instances in which the sun has been abnormally 
obscured or its light paled to such an extent that stars have 
come into view in the daytime, and Erman, Humboldt, and 
other writers have brought these occasions into prominent 
notice, the former in connection with the presumed passage 
of dense meteoric streams between the earth and the sun. 
The earliest mention of such a phenomenon appears to be 
in the year B.C. 44, about the time of the death of Julius 
Cesar, when we read in Plutarch and Dio Cassius that the 
sun was paler than usual for a whole year, and gave less 
heat, the air continuing cold and misty. The darkness for 
two hours on August 22, A.D. 358, appears to have pre- 
ceded the great earthquake of Nicomedia. Two years later 
in all the eastern provinces of the Roman Empire, we are 
told there was ‘‘caligo a primo aurore exortu adusque me- 
| ridiem,” and the stars were seen, the further description 
| being applicable to a total solar eclipse; but neither the 
| eclipse of March 4, 360, nor that of August 22, would be 
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| visible in those parts. Again, when Alaric appeared before 
| Rome, the darkness was such that stars were seen in the 
|daytime (Schnurrer, ‘“‘Chronik der Seuchen”). Following 
the Tublettes Chronologiques of the Abbé Lenglet Dufresnoy, 
Alaric invested Rome, A.D. 409, and became master of the 
| city, August 24, 410; there was a visible eclipse of the sun 
}on June 18, of the latter year, therefore while the siege was 
in progress; but on. calculating the circumstances under 
which it would be seen at Rome, introducing the latest lu- 
nar elements, it appears that a little more than half the sun’s 
disk would be covered at the greatest phase about 2h. 40m. 
P.M., and no sensible diminution of sunlight would be oe- 
casioned by the eclipse. In 536, 567, and 626, we find men- 
tion of long periods of diminished sunlight. Schnurrer 
records that in 733, a year after the Saracens had been 
driven back beyond the Pyrenees, consequent on their de- 
feat at Tours, “the sun darkened in an alarming manner on 
August 19; there appeared to be no eclipse by the mcon, 
| but rather an interruption from some meteoric substance.” 
There was an eclipse of the sun, annular, but nearly total, 
on the morning of August 14; it is mentioned in the Savon 
Chronicle, which tells us ‘the sun’s disk was like a black 
shield.” The near coincidence of dates suggests in this case 
a connection between the darkness and the eclipse. In 934, 
according to a Portuguese historian, the sun lost its ordi- 
nary light for several months, and this is followed by the 
doubtful statement that an opening in the sky seemed to 
take place, with many flashes of lightning, and the full 
blaze of sunshine was suddenly restored. In 1091, on Sep- 
tember 29, not 21, as given in some of the translations of 
Humboldt’s Cosmos, Schnurrer relates that there was a 
darkening of the sun which lasted three hours, and after 
which it had a peculiar color which occasioned great alarm. 
In another place we read: ‘‘Fuit eclipsis Solis 11 Kal. Octob. 
| fere tres horas; Sol circa meridiem dire nigrescebat;” there 
was no Visible eclipse at this time, and the November eclipse 
| was central only in the southern parts of the earth. A 
century later, or in June, 1191, according to Schnurrer, the 
sun was again darkened, with certain attendant effects upon 
nature; here the cause is easily found; on June 23 there 
was a total eclipse, in which the moon’s shadow traversed 
the continent of Europe from Holland to the Crimea; the 
eclipse was total in this country between the coasts of Cum- 
berland and Yorkshire. Erman refers to a sun-darkening 
on February 12, 1106, which was accompanied by meteors, 
and we read in the cometographies that on the 4th, or, ac- 
| cording to others, on the 5th, of February in this year a 
star was seen from the third to the ninth hour of the day, 
which was distant from the sun ‘‘only a foot and a half.” 
Matthew Paris and Matthew of Westminster term this 
star a comet, and we may take it to have been the same 
which, later in the same month, was observed in China un- 
der the sign Pisces, and which at one time was supposed to 
have been identical with the great comet of 1680; this body, 
however, would not appear to have been sufficiently near 
the earth as, even on the assumption of a denser constitu- 
tion than usual with comets, to account for a diminution of 
the solar rays, by its intervention. On the last day of Febru- 
ary, 1206, according to a Spanish writer, there was com- 
| plete darkness for six hours. In 1241, ‘‘five months after 
the Mongol battle of Leignitz,” the sun was so obscured, 
;and the darkness became so great, that the stars were seen 
at the ninth hour about Michaelmas. In this case, again, 
the darkness referred to was undoubtedly due to the total 
eclipse on October 6, of which Professor Schiaparelli has 
collected a full account from the Italian writers. Lastly, 
in 1547, from April 23-25, Kepler relates, on the authority 
of Gemma, ‘‘the sun appeared as though suffused with 
blood, and many stars were visible at noonday.” Schnurrer 
thought this phenomenon was what the Germans call a 
| ‘‘ Hohenrauch,” notwithstanding the visibility of stars.— 
| J. R. Hind in Nature, 
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